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Flat H5:abele.cogetber: tale glienangle WM, remains the angles CAD 
2 Yon are , which being equal, beanaſehAC and CD.are:<qua}, 
ay Kogetlieg make dauble the an leCDAg: again from the latter to- 

; . angle ACD; ramains the angle ACB\'; equal to 
_  awichabe, angle C DAU If:anather point E. be taken the ſame rats Dy 
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\  hokds:gopd;; conſequently, the angle AUE is ice the angle K 


A hereſareg le ati the circumference, Randi ion an arch or 
70 — . 9 tht ach. And e fed 
' ure be inſeribed in à circle, the ſum ef its oppoſite angles 
| [LES right angles Ach. If ABCD: and AEFB. de two paral. 
ſtanding an the: ſame baſe HB. their areas or ſurfaces will be 
5 Tor the:tyangles: ADE: andi F, haue tbeir ſides and angles 
ently equal, therefore their areas Srenequal 3 but, if the-triangle 
en rem edth of: thoſe two forementioned tria band tto 


' - the tworepgainders reſpectively be added the triamgle GB, f eparaliclo- 


ams, ABCD and AEFBiwith be formed; conſequently their areas are 
4 ae refore, wangles (which are half parallelogtams, as may be 
proves. by * erg line from one ebe Angle tothe 
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| GEOMETRICAL PROPOSITIONS... wn, 4 


C be E, then is AE or CE the half ſum of the lines, to which addi 7 
either. BE or: DE; makes, CB or AD the longer line. 8 : 
the half difference from AE the half ſum, temains AB the ſhorter line. 

Conſcyvently, if the half difference of any two quantities of the ſame; 
kind be added to theit half ſum, the greater quantity will be had; but if 
ſubtracted, the leſſer quantity, will be had. 24th, In any right angled 


plane trianę + ABC, tight angled at B, a ſmaſl ſmilar triangle aas 


ADE, an mother AFG: . made at one of the acute 1 at 


A, and thaſe les will be ſimilar to the triangle 


For 
if AF. be radius and F perpendicular tor AF, AG will be — | 
and FG the-thngent:of the angle A.j/{andvif AE be radius, and: DE* 
perpendicular ta: AD, DH will be the ſine, and DA equal to the 


coline of the angle A. Wherefore, as. AE to ED, ſo is AC to-CB 3) 


or, 45 AG to GF, o is AC to CB. And, as AE to AD, is AC to 
AB; and, as AG» to Ah, o is AC to RB. th; In any plane triangle. 
as the ſum of any two ſides, is to the e fs tho Eides, ſo is the 
nt of half the ſum of de fene angles; ent of the 
half differente of thoſe Let ABC be kes triangle, A3 
and RE ita to ſides given nn Bü the e ao le given; make BD. 
Orr BA, and Waring AD: in E, draw REF, With the radius 
| the arch HEI, and draw:EGy-parallgl to ha ors GK to 
E. ng becauſe AE and ED: ate equal t each other, CG K. 


| GD vll be eg ual to each other. Alſo, becauſe AB: and BO t e peg 


is the Cider the ſides; and CD their difference, BAA 


| Flag” thoſe ſides und GC their half difference; ©, And ers 
the angles BAC and AC B t her; equal to twice the 8 
therefore the angle BAD or BAE is the half ſum — 


fichiliar trian gles as BG.to BE, ſo is: GC to GK or EFA ora 

to C, ib is: _ to EF. 5 Eis tbe tangent of the angle Baß 

and EE the ta oft Which is the half difference; of 

choameder AL and / A B. . The vre;/as the lum of tlie ſides; is to 

else ſo.is the tangent of the half, ſum of — 

to the tangent of the half difference of thoſe angles. —— 

r to abe half ſum, gives the greaten angle poſts 

the greater: ſide and ſubtracted from the Kaif ſum; leaves [eaves the * hang le, | 

baſei:or _ 


oppoſite: the leſſen ide Ubthy:In:any.plane triangle, nas 


longeſt wor pln to the ſum of the other ſides; ſo is the ference (d 
thole des, to che differones of the Nchments or parts of ther baſe, here 
Ai ular falls from the v eee wo ae eu, rs the triangle; | 


AB'theiba CDithe: dicular, A ater ent, and BD 
wi andrea e 3 a 


ice of che ſegments . of the baſs. With CBihe Jeaſt; 

EFG. and produce AC'to!G z1then is the rectangle or product of A 
into AF, equal to the. re le of AB into AE. Thherefordyf AB be 
the firſt of oup terms in di praportion; AE will be the fourth; and 
AG and AF will be the two middle termb. Conſequently, As AB is to. 
AG, ſo is AF to AE; that is; as the baſe, is to the ſum of the ſides, ſo 
is the differenoe of thoſe iſides. to the difference: of the ſegments pity the 
baſe. wes If ABCD be a . LN the two! oppolite "tides 
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euch bther, — Rec e equal; let a per“ 
pendicular to AB be drawmt Rk Gr bf AT" to meet D 


being dravrn, willibe ng and equal to each-other.': For, if DJ: | 
bealſo drawn perpendicular to AB; GD, AE, EJ-and HB. will. 1. 


e dane 2 argon erty 
lic uen i are the Hing; 
E e e oy 8h, To _—_— 


y {pcometiical principles. Let ABC: uilateral plane triangle, 
znd yeith AB ſweep the arch BDC, te BB 


RD; alfo.draw the right line BB, and to che iniddie thereof Fs draw 
AGF, q Let theiradius of che arch be 19009000, then is BE 50d0uboy. 


Mie of the Dis 6989746. Then 


half BC u 2588190; 1d the ſquare of this taken from the 


e: GF. 1810440742, -which fhuared:and:added ta the fans .of 
GR, and che ſquafe root. of the ſum extracted gives the right line BG: 


whofe half 18:1 305202, the ſinciof y degtees 30 minntes, which treated? /- 
e ſine af 3 degrets 45 minutes: 


1 as gives 06540 
? thus/the.approximatian.. 3 on to any greater degree of! 
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enpr by the . the circle; ESE 5 5 i 
into the 2 . the double area. .22d,. If - 
of the arch the ſine of the arch GL L eE I 
deſcribed; by thoſe = ſemidiameters, will have the. ſame ratio as thoſe 
ſines have 2 For doubling thoſe lines BE and DF, may 
be conſidered as diameters; of circles having the ſame- centre, fore, 
their ſemidiameters, alſo their circumferences, will have the ſame ratio, 
250 If three points B, Gy D, be equally diſtant from each other in — AY 
circumference. ef cirele, and three fines BV, CO, BP, drop asg 3 
pendiculars from thoſe 3 on the femidiameter.; it will be, as radi : 
is to twice-the greater ſine, ſo is the middle fine, to the greater and 125 5 
ſer ſines together in one ſum. Let B be the leſſer ſine, C the A ps 
2 ſine, and DP. the greater ſine equal to FT, AG and nd K 
| en. at right 3 to. each other, 2 CL, Dk EN 
1 a a <p to each other, and MEH with K A parallel to 
ao F DM. beine Gm ma Then the ang 


may — . — A; ae —. — a. 


at 3 each cher, de divided into A: very — 

equ 

be dran bo each bcher, meeti r Let DE be one © 
thoſe parallels, and the arch B fo ſmall as not to dier wy ic its ow 
unity in a number of places of figures to be uſed, 55 And 

leſſened by the eee BE its root ot i AF, equal to D 

AD and qual, and HG. and CG are kne £ | 
HG into CG will known, and the- ſquare root : $a 

equal to DK, which taken Rh ih DE gives K E, whoſe ſquare: adde 

20 che ſquare of KJ and the ſquare; root of che ſum extracted gi : 
EI. In lixe manner may M] be found, and ſo on to any part Wo: ; 

whole 1 8 and by — up the parts, the e _ | 


„ SPHERICAL. PROPOSITIONS. 
* "Pry 25th, The fines, tangents. and ſecants being m "3 h er 


afe ſeveral Seibel for making their logarithms: ſome of we 
difficulithough els 3 than others, and require oF ag: drgives | 


of. _ = g in the ſcience of numbers; ohe of the moſt eaſy" 


ods of making t them is as follows The logatirhim0 r, ou 


©, th 
Wa dez on which 


arithm of 10, is 1, the Togarithirh' of 100 is 10, Kc. this 
the Jo ithmic- tables are agreed on Teibe moſt 
imodiouſfy. conſtructed; e Whole -vifficulty is, in findir the" los 


Kren oro intermediate derben By the riature ofklegarithms, the 


(48 ſum of o, bd 1, is 55 "and the ſquare root of 1 drawn into 10, 
1 5162, therefor® 5000 > de logarithm of 3162 25000" that ef 


half ſum of o, and 58 is 25 and the ſquare root of 4, dran Into 
| — is I, 778; therefore 13,2500' is the logarithm £ of 1778; and 252 50 
logarithm'of 17778; and 1, 2500 is the logarithm of 1, 18; and 
doe at of 7,7 9.5 By this method, and the choice of proper num. 
bers"t6' promote el eileulus by, the logarithms of numbers may be 
found; for ſuch numbers as are to be in tables; and to correct the 
ſus or deficiency,” a part proportional may be added or ſubtracted, 


a5 the caſe requires to make them ſufficiently exact: ina 
— 3 4 As there are theorems or rules for computing the ſides and a — 


of plane triangles; ſo there are others for ſpherieal trian but 
pg ran be inveſtigated, it will be proper to premiſe ee con- 
Ming the forming of choſe triangles, and previous thereto® 


Hus, 1ſt, if EOS be A great circle of the e and Qn aich there 


Et 


will be the ſine of the arch 1 . In 85 manner, 


half a great circle ſtanding at right angles to the former, 2 —— 


nes am arch thereof, the right ine GB wil alſo repreſent the ſine of 

that arch. Alſo of PGHS repreſents a ſemicirele obliquely: drawn, and 

one an areh thereof, making GJ perpe endicular to it will be the 
of that arch ſuch are uſual] ,calledordioy 


"=. 


- | pb eng CA to meet it at K; and: O. te meet it af Ly QK and 
$ a be tan 5 8 to the en bat if HN be draw parallel to 
== 525 „it will be a 

1 — a ſine of the dae "of the. great irels"PHS (rom that 


2 hi 1 1 12 £206 TK 7401 £4 e bas ige pe 


2 In the Conheoc ken of 8 pbericil yung 28. ft, When the ends 
Ff three arches of three great 2 — of theiſphere;” meet at 'thiree points | 


L its ſurface, '# ſpherical triangle is ther formed; whoſe: ſides" are 
the three afches of the" great oireles; and fer eſtimating or wekfurſitg 


Contained, mu be Either®'tyrotonged® or ſhortened 40/90 degrees, 48 


3s one of the angles, each of e te between Which 3 : 
e ſides require, and then che diſtance from one point of go! to the 


ther point of 90, eſtimatin engl, Ts in the arch of a great 
circle, is the Welte of that 


YE PILL EYED 1112 2 2 151 2 * LY, : 44 Is $0.43 angle 
45 | | 
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5,25 1 15 5 that f 37, 2; and/0;/5000* that of 4,162; 8 Ag in 


per ties of the ſines; tangents, &. as ec from their correſpondent | 
reat circular arches, off à plane; by Ilnes drawn paralle[t6 one another. 


1 drawing ABD parallef to QE, and milking! AF pe 9 . —— . 


phie“ projections of 
t circles of the ſphere; Farther,” raiſing! the tuvibets QM. and 


— 
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tangent to the. angle: HCG, or HON, — | 


gle; "Tis. if FROG ru Fo Splieriea tri= 


| © IO ² m ̃̃ [d 5 ] 


8 HE Nie 11 ob IIA wy J 
1 27 * 2442 3411 16 (I99&T $723 12 2 13 £3 Ins Sil +. aa 3 I 
anger wafers ofthe angle A i be Db is aidakicnc tens. Þ 
the r an; wing mately When tum ſides of. bt 
triangle ad AB and Ac, webe them greaten than 9931 being pr. 
longed ode Jean. they. wi . is ND ;a0d;[the complemental 
| triangle B BC, may be e ed for the former tri ABEC 
in the-calculation,; but Fre 9 „ e complemental 
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A s Formed by. SV or open f erte ines. Thus, 
$7 8.06 . Gig es AB inthe point 
& Be mg . 5 und the. poink of Wahr ag . ili 
be four right angles the 1 „and BRC tpgcther, wi be 4 
right angles; and K 8 oppolits angles (BEC..ana AED 
12 Hp the e any ſpherigal triangl . be e 
boy to99, degrees, . triangles may,thereby; be feel, 


2 ſometimes, ee calculation. „4th In 2 
mY ſpherical driangle a5 A ABC! ranges ab B 15 tary e 
an ight.angled. ph wy Fiche a l D rn angled. at, Dar the 
es of hoe, ypothenuſes „Will haye.;the, ſame patio, 
es of. Pc pet icy rs BO. and BE, Alſo, going 
yo, baſes AE an Wi Jane haps 7 1 other, 48 
of. the; two, Ld wars 2 a Aka 
1 e 26s of, cater. tria 19 0 8 £ 
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radius; ; are equal to the ſum of the tangents of the extremes conjunct; an 
alf6, equal to the ſum of the colines'of b duns ank. Abs, _ 
-AB repreſents the middle part; BC will be one extreme donjunct, and the 
3 the angle A the other. extreme econjunct; and de ſine 6f 
F to the tangent' of 

1 of the angle A; togecher. And at che fame times, 
fine of — with, radius, wilt be equal to the eoſine of the 
ine of AC, — wth ths -coline of the 1 
— which i in fact are, the ſine of AO, and the ſene of the 
| r, and the like methdd — for ths other elreutic | 
| — throoghout all their _ By the ſum of the tangents, coſines, 

of the middle part; &. is ere meant, the logarithmic, tangen 
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von; if the natural ſines and e e been uſed, they muſk have 
been multiplied Eth, In every ſpherical t gle, ce nes of 
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ing the firſt and and, = nd . right terns, it ps 


becomes, as CT into C H inte es :+ PV into C FX into 
HX. Therefore, as r by HG 722 2 into CJ: PR be 5 — 
ther, as CL: HN: PV i into CI: PX ſquared, becauſe CL i is half 
CIT. and HN half "HG! And. 2 El,; HN :: CLI into HX : HN 
5 into NX, by multiplyin by HX, hence HN into HR i is equal to HM 
ſquared:” But Lei b HIX is equal to OC into CK. Therefore,” as 
te rectangle of PV into J: PX ſquared :: the rectangle of OC 
8 CR: HM f N That i is, as the rectangle of the fines] of any 


two ſides, is to thy ſquare of the radius; ſo is the rectangle made of 


[be fines, one of Wit b PB ſine of the half ſum of the ſides, the 
© other the Kine of the d nee of thõſe ſides; to the ſquare of the * 
* Half the angle ep between thoſe two fides;” This t 
ready and uſeful for finding. an angle of an pblique angled 7 
5 2 9 be ple, When three ſides are given, but it is not the only one = of 
be ail uſed for that purpoſe, ui "8th, As" Hs the rectangle of 
fines of b ſides of an oblique” ang led ſpherical triangle, 5 to the 
uy 1 of the 'radjus ; ſo is "the” rede gle mad of two fines, one of 
vi is 8 ſine of half the ſum of the three ſides, and the other the 
fine of the difference between the baſe and the half ſum of the three ſi 
0 the ſquare of the coſine of the angle oppoſite to the ſide: ſubſtitoted for 
e dale There are many . theorem in ſpheries; to demonſtrate 
en, T'think atogether needleſs in this place, beeauſe they * 
ae y demonſtrated in many i ow erg writers, beſides this, 
moſt all the aldel problems may be folded by a due upplication'of Te 
| "that have been here delivered; 5865 ſuſpend the attention concerning 
a Variety of differen de ber _ is not the plan of this 
Work., T ſhall there. 
and which' the e may fee 8 3 of, if he 'chufes, - 
Wh moſt AL! Fs writers.” es From the * of the tyro pre- 
"I Legaritbm bee 


| ag ef 76. * 
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its index tories by” 18. hen „ baving thibe ſides, the fite of half the | 


angle ſou! by found thus.” Add together the complements arith- 
"merical 0 ei by 5 containing fides, and the log. fines of the half ſuni of 
the three ſides, leſſened by each of the co fan ſides j take the half 2 
ky > YE four logarithms, and find it in fines,” double iche corre 
| rp is the angle ſought.” 'zoth, Or having the three -fides; the an 85 
UI the coſine arch thus. Add together the — - F 
: de etichl of the pot containing ſides; the log. fine of their half ſum, 
and the log. ſine of the remainder when the ſide Gen to the angle 
_ fought is ubtracted from the half ſum; take the half ſum of 'theſe four 
ene find it in ines, and dcuble che correſpondent coſine arch is 
he angle bugbt. 1 xth; In all ſpberical triangles. when two ſiges are 
Ae than a ſemicircle, arid che angle between thoſe two ſides is given; 
ds tlie ſine of che half ſum of thoſe ſides, is to the ſine hy half their dif- 
-' ference; ; io is the” co-tangene of half che ebntained angle, to the _— 
of 'balf 'the' difference of the hor Sings And, as the N 
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diftance carried to BD, and then BD' halved would 
2 Fal erpendicular required. Sth, If AB be a given right line, 2 
nt through wi 4 parallel is to be'drawn. ha di 
_ foot of the cohipaſſes at B ſweep an arch at D; eit rde 4 
tince AB and one” foor at C cut the former arch; and dra CD ih 
par HePrequired:”! 6th, If AB be a right line, and it is requitetꝭ to erect 
a perpendicular on its end B; raiſe a perpendiculat any where on the 
life 3 then with the difanes CB And ene fdr at D Coop al archi 
25 E, by the corivexity' of which'draw BD the perpendienlaf required., 
7th If BAC be an angle ble e ; and it r biſſect or divide it 
into two equal Wes make AD and AE. vi then with/any diſtance 
and one det Dyſweep che arch F, and with the. fame diſtancr, ung 
foot at E, cut the former arch; and dra AFhick males the equa 
afigles BAF“ and CAF. Sth, Tie be Nqquired to make au angle equal 
to an angle given, 4s BAC; make AD equal to AE, and having drawn; 
a right line 2 FG. make Ft equi to AD or AE, and with that dif 
ſweep an arch as HJ,” on whick ſet” off the diſtance L DE from H tb Ko 
and drawing 48:54 'the angle GFL will be * ual tos the angle BAC. 
There is inſtrument \ hich” hath-* been orig: In uſe; Called the | 
plain Gage. having on it 2 or Lhe lines unequally di- 
vided; „hic ate all of them formed from the equal diuiſiops in the cir- 
by ad transferted to fra ht lines; by compaſſes,” whereby they be- 
come irre egthar diviſions. | The principal of theſe tines; Which are ap- 
Meable 55 gation ate; the line ef chords of arche$3'gr:double ſimes 
of half arches. Mat are given; from o degrees to 90 1 the fines, tangents 
and ſccants, fof every gree to 9; the chords, fines, tangents, and 
ſecants of 't e/ thumbs or points of che dompals, fronm o tog points; 
and ſeveral ſcales uſed in drawing dials.” But all theſt are much excelled 
by the! qgarithins, Toth, To mate a plane ee whoſs three ſides A. 
E nd C, tte giren; make DE thuaP A; und e res length B in 
tis emp paſſes, with ons foot at: D-{weep'ah arch as Þ z/\thew:with-the. 
Frame! Gunbrde eompaſſes, and one — —.— te arch, 
eh Ne 5 ir hy ah tited.' ich, 4 
* 45 ABP, is made on l lig tr — pot ang AD 
C'pe . sach equab de AB} Land Joining DC. :11thy 
ſame” nethoJ; AH Gbleng as ABCD, is madef but che op- 
l <q bal 1c n the Npumbas ABCD, the ſides 
c : blit Lengles 6nly? ate equal: Tath, In the 
e ABC, "the dn oy e are 1 the oppoſite 
1810 vnly 3 qual;* cn, PU br nuts n A, B, C, 
a this eirc Vere of 2 eirele; "the" points — 1 the angles of 4 
than ple, | * A, N while des biſected at right aneles, by the 3 
9 7585 DE 215 70, g Ives | the centre of the circle pafling through 7 
blo po 1 5 „ Which Was required:” Sth,” When' a 6ircle" is given, an WM 


1 
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in Evite eite utnferente as A; eit ente C muff de found and the | 
meter AB as m; then any e may de taken as Din the ſemi- 1 
circle ABD, and A) apd DH peing drawn, the angle BAE muſt be 


de . ithen'EAF de Av Ba <0 n 
mY wr | le BDA, goa. <<; woe 45) +93 I 
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arch itſelf DGE will be drawn with a fadius which. is | 
piement to 90, of the oblique eirele's diſtance, from 


* 
7 1 rn, 7 : 1 


DE NCQ erk irg er ꝝlnlil, 8 9 n 
becauſe the angles ADB and: BAE, ſtanding on the ſame ſrmicirele 


1 

BGA are Aro -{16th,; When three right lines as AB and AC ate 
wen, alſo à third as AD; and it is required to ſind à fouith, ſo that 

the ratio of: the firſt and ſecond ſhall, be the ſame as the ratio of | the y 

third and fourth; a plane triangle as ABC is to be made, making the 

ſide / BC at pleaſure, with AB the firſt line, AC the ſecond, and AD. 

the third; and 22 parallel as DE, AE is the ſourth line dae 


four right angles, and it is uſually: called an oblique cifcle. There are 
two principal kinds of projection made uſe of for drawing ſuch oblique. 


_ Circles, the Orthographicgand Stereographic' prqjections, the principal 
properties of uhich are derived ſrom the ſuppqſed place and polition of 
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2 reſpect tothe plane on uhich the projection is to be made, and 
e citeles to be delineated. 39th,” Ihe orthographic projection ſuppoſeth 
the eye at a diſtanee indefinitely great; therefore, al}, right lines ialſing 
n the projection, this way, are ſuppoſed parallel to each ↄther as AC, 


BD, EF, & e. zoth. Ihe Stereographic projection ſuppoſeth the eye 


at the ſurface of the ſphere as at A, but receiveth. the picture of the ſower 
hemiſphere as, F, G, H, J. on che plane of a ęreat circle go degrees be- 
low the eye, as at: B, D. E.; &. 2 ſt, When two diameters a8 
AB and DE, cut each other at the centre of a primitive circle as C, and 
an oblique eitele ig draun from D to E orthographically, it is a ſemi- 
ellipfis one of the £gnje-curyes, and, Ct the point where it cuts AB, is 
de ſne of tbe-oblique circles dilance. from the right circle DE. But 
if the ſame (oblique cirele be drawn after the Sterepgraphic manner, 
CG: will ber the tangent of half the oblique. circle's diſtance from the 
right cirele DCE I this is uſually: called the ſemi-cange: e 5 hs 
i ſecant com- 
Io | | | er ight circle, 
or the ſecant of BG the diſtance from the primitive. 2 


45 : c 26 However 
half of a great circle is drawn within a primitive circle, whether, or, 
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thographically as PE, or ſtereographically as FG, it meets the circum- 
ference at A and B. at the two ends of the diameter ACB..., 23d, If A. ) 
BE be à primitive circle, repreſenting. a great circle, 27 C be i 


centre, repreſenting the pole of the citcle,; which pole is always go de- 
| Rp 
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giees . diſtant from the circle itſelf; 7 8 circle. as FSH, dran 
k Ef 6 kk: 5 = 


parallel 10 the former, is drawp With ne line Of | 


circie's 
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Kan tl 55 whole diameter, AB, as to' produce but little errors in calculs- 
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angles, and every. part thereof 90 degtees from D and E. At L 


with the meridian at L; and the horizontal circle K ded into 32 
p ints of the card or ſea compaſs, reckoning 8 8 1 2 H t wt An 
trom H to * and from F to J, and from F to K. If am oblique reit 


tan ir 4 the. R e, for th 4 | 7 
with CF the ere nt bo that Mode _ t 8 6 Toe”. 
jection. This is Dine (#4 in Abi the ſeſſer circles of tel an! 
of the heavens.;/ 24th, When two diameters as AB and DE <rofs' each” 


4 
* 1 


graphically BY e to the right circle DCE; the fem Tan 5 
nt of CO ink is ſet from, Cite &, and che chord of the fame from Ds: 
. 300 n E to H, a A FGH are brought into one —— r 
But if 755 ſame leſſer Nircle Ly to be fe 3 7 a. muſt! 
be by a right line, as FTA "Uiverta y, all ſemicifeles of lef er 6 
of the ſphere,, fanding at right an We o the primitive circle, are rep mg 
ſented by ſuch: chords 1 5055 Ram one ſide = the In ive en to the 
other. 25 th, If ADBE be a rimitive circle, & ite centre, CF and 
CG CE hari, H the mij: dle of FG, and GFK a eirele drawn 
vi Ne mo it woe a leſſer erp oper eopraphically.. 
2 : pole of eve reat circle. js egrees diſtant therefrom” 
at Th of *the 1 "thee, if AB be he” 12 circle,” it's pol 
D if: JBE. be that circle, its poſe is Gz if AFB be that circle; ig 
pole i is G, in which caſe, orthographically,, CF and CG are. cenie 
mental 221 to one another; but ſtereographically, they are —— E 
mental ſemi-tangents. 27th, A ſpherical triangle ma . 
a delineation, either orthographically or fereographicdlly'; 57 either 
way, an atigle of the triangle, may be at the centre, or at the circum⸗ 
ference, or between the centre aud circumference,” ” Thus, ABC may 
triangle, wm, its angle C at the centre; FED may be a triany 
beg an angle EDF at the circumference ; and the angles F arid A 
E between the” 3 1 Ray circumference. "The other _— 
will be reg ulated 0 5 n already delivered. 1858 
* "The ere feſtrial g abitable world is nearly in the f ue 
F ere or round Srl 2 be of hab the two diameters of that baf 11 
and DE, croſſing each other at ri right angles in the centre E are nent 
ger, different 19 each ocher, but this is fo little in compariſon. 


tions of the diltances of places which ate far remote from each other, 
The ſurface of; this ball conn of lands and ſeas, one is the ſubſets 
of Geography, the other of Hydrography and Navigation, In this 
ſurface, and Er preſent the Ne * and Sour poles; the circumfer- 
ence DBEA'a meridian, or great cirele pa "through! the 711 AB 
the e e Tinh. another great circle croſs the meridian * ri rf} 


are. places either of the earth or ſea, the latitude; of the former bit 
77 and i its £0-latitude DL, called | North latitude when D js the North 
. Stern Squrh latitude, as at G, meaſured by AG, when E is 
If A tangent. FH, de drawn to tlie meridian,” at the 
int . d de biſected at 15 angles with KJ, then J will be the * 
aſt and 1K the Welt points in in the horizontal pres, H at conti 
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fore (6 be tg reſt nenen nature of nem enen, m | 

oximation; 3X NGO 07 3635! 
mw - As the angle — tte wh 6 courts (makes with the meridian 
paſs, - — — ſalls om any parti- 


the com 


which the ſhip runs in that time The haf minute is 120th of an hour 

conſequently if the ſuip runs i 20th part of a mile in feet in half a minute 

. it is © mile per heur ; if double that, E miles per hour, and fo 

Here che length ef the nautical wile is wanted te be ktiowh ⸗ 

ee 6 get the n between! nee ee d en . 
f DS. 3 r *. 2 9 — 


3 Jos * 24 PAD elk Ain J fatet 1 * n 


. een ous 2 eee of: -Jatitude and difference! of 


4 earth's globe; becauſe then it np # \confidered 'as being but a 
4c ſittle di t from a plane ſurface; — as ſueh; the fourth : 


«4 circle on the ſurface of the ſea doth not coinoide with*the”rhumb- 
« line; the fifth is not only univerſally true, bur eaſily apphieable for 
all Jatitudes and diſtances from the al to the poles, and 
4 help of a table of meridional parts calculated en the (principles « 
this method, ſolves all thoſe caſes of failing, either by the cunſtructiom 
«6. or eateulation of plane triangles,” which ould otherwiſe wee | 


- 46. 4th; The invention of this wok genius confſlrudiion; is edit. 


<c ders, who in the 1559 — 1 . 
£ tw 1 pogo 


4 of when were „ | 
* 1954 he publi A p 6f TiWeliges urdpe of A ry — | 
„1 his fon publiſhed other maps conftfucted on the Hike principles; but 
it appears that thoſe ingemous g rather med at a cor- 
4 reftion of the geographleal bearings of places, tim reducing the 
4 thumb-=line 8 to rectilineat ones; and that EHαννν Hebt, 
who at the age of 22 years, was admitted at Cambridge, und who | 
in 1599 accompanied the Right Hqnourable the Eat of Cumber- 
& and; in a voyage to the'Azores, was the original iwentor of this 
« chart; and that he publiſhed" the conſtruftion of ig in his work, 
<< entitled Ceram Errors in Navigation deteHed OY in 1 
By which. work it alſo appears, chat in 1 FM 1599s "+596, 
a Poms (of the for, af chevy Kanes ch 
«altitudes of the fon 
«6; 5 ache. Meer Capi it had deen * the 
irnicus;” teviver of the vue pe — 
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length ann is Nearly: g feet —— 
va, glaſs, but through! ill — is ſometimes reduced 
Fr — — feed, 9 which inqgunning oo miles of chis cuſtomary meaſure, 
ve tun 21 miles of real meaſure, r on goq miles of this 
jms meaſure 364 miles: af real meaſure which! ig an erior of 2 
0 hero chart —.— —＋ 11 At is ærue that the half minute 
glaſa is ſo $0 make it age in ſome meaſute with the 
Length of the line s but — if ever happens; the prohortion is juſt; 
on which account it is not to be wondered at, if a rechoning kent hy 
tum imperſect ling and glaſs, or by ſuchꝭ as have altered in uſiug them, 
. ſhould: give the place af he ſhip.erroneous/2ttheend of a long voyage. 
But the more / iel ful navigators will not be-deegived chwbugh this cauſe; 
und as to the cauſe —— errors hap e vi ogg 
-ſeveral parts of this work ñ n 
th. 5th. and 8th. As it is the pecaliar. quality.of Wrig 's chart to 
| ſhew-the/line of the ſhip's.courſe by a ſtraight rule; ſo a parallel thereto 


is caſilyhad, and chat parallel reſerreg, tothe: cixcumference of a circle, 


Inn: iately, by the improvement in this chart, thus. When two places 
are given on the —_ and it is _—_— to find the DONE to be ſailed 


1 bee, e e bre; yo N 


7 ONE . 
—_ een be lit V of boſe. odds cg _—_— 
2 are f five; nah of, eino 53 Ty geen e till A N e- 
Ee Ane 

3s, may 4 correct. 24d. It k may ay 'pragicable.to 55 the ſhip 
e in that direction Which is be the true one, although it be known. 
4 3d. Ne may not be true allowance for leeway... Ath. There may 
, ngt be due knowledge, of the currents. 5th, There may be ſuch 
. different quantities of the Variation, during certain intervals of time, 
++. whilſt the ſhip is failing, that nothing leſs than a daily obſervation 
25 of the variation, would: give it exact enough far uſe; and ſuch. ob- 
4 ſervations may not be had. The three firſt of theſe errors may be 

46. corrected, ſo as to become. Jeſs. conſiderable, by help of proper ex- 
£6 periments. The errors of the fourth kind muſt be ſound at the 
$+ times es when and where the currents act; and the errors 
% of the ſiſck kind, may be wholly removed and annihilated, by the 

| 4 uſe of, correct variation charta of the: oceans which the ſhip: eroſi- 
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eth. And Hot der hls e error "be. n — 
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and by this method it ma I be hag ſuffic 
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e place-tothe.othari;1a Rraight role. 46: by-Jald-frods ont pla 
to the other, and ne A pair of compaſſes openod to the neareſt di- 
tante from the centre of the circle to the edge of the rule l ho dver the 
twol places, the 1 to be carried either forwar | 
as tha caſe requires, as nearly. at right angles: the want of the rule 
as poſſible, until one point of the compaſſes is at the rule and the other 
1 5 ug eto 
point che rule being: x being made to lay over it 
the; centre, ſhews the bearing or .courſe required. Them can be no 
doubt canterning the utility of wy imprayementz as the courſe! is one 
of the moſt difficylt things to be found, from, thoſe: that are given 
ie for all practical pur- 
poſes. Beſides this, in moſt | eaſes, 1 7 e courſe js * the other 
parts, required may be moſt eaſily had fram,, calculatio if there is | 
ony uncertainty: in dedueing them by conſtruction. 
- 9th.. But whatever errors may, happen tc ariſe in Seats endl by 


an acgount kept of the horizontal courſis and  diftances, natufe in ie ; 


conſtruction of the ſphere has provided ſufficiently for taking the lati. 
tudes of places, by the elevation of the ſun and ſtars above the hori- 
1 Aer _ AR on. acer enen 3 A nan 
VT nn oe 21 4 1 y lorry | . tai 


Ls mY | 
1. *d& goth 40 "T's 6 * GE: #+ « 775 U T7 $15: Tt I's 


| 2 ated, on hind of je ol —— to have Ws limits and im 


te proyements z: by the application of gorrect variation charts, a fifth 
« part of the errors which happen in the ſhip's reckoning will, be taken 


1, off, could. they be reckoned to ariſe: ffom cauſes equally: difficule to 
«, N rg edges: 8 poor 22 _” 


2 1 =, II fg 
86 cour e indica 10 fai CES 
45 mt eee laid.down: b r obſerved latitvdes and jon 
X 27 The fec NG good ah i, tha = the caſes of Wy are 
1 portions, amongſt vvhich are the followi $ radius 
. 8 to 1 ſailed 3 ſo is the ſine of the courſe the d — 5 


<4 And 2s the true difference. of gage? 1 8 is the 


0 meridional difference of. latitude to the di — Alſo 
<5. as! radius is to the 1 of the courſe; oe is the miridipnal diff 


+ ence of latitude to the, difference of Jon 1 7 5 Alſo, as in the plain 


* chart; as radius is to the diſtance. failed ſq is the coſine of the courſe 
te to the diſſerence of latitude, And as coſine of the courſe is to the 


4. difference of latitude ; ſo is t e- line of the courſe to the departure. ho 


* 7th. Another,advantage ich this chart has; the courſe may be 
Fcurately ſer oſt on it and alſo the diſtance ſailed, by 3 a. 


«5. proper method. The number of ſtraight lines, which are uſu 
ee the chart, reader them dino e d dific 


4 8 
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 aihed- ut end Of "eds: 24th: "nrtiets of tine trestife; and ls pur fn 

N by help of angular inſtruments applied — — 

Words by u meridian altitude of che ce 4 

Thi horizon fader Se, by hel of the deelination, the zenith Ts. 
of the equator is found; which in reality"is the latitude. This? is 

chat Claw or rule, N navigator en determine his ſutitude 

ſumeſently when ever the mer — 6 enn be taken. But the 


de docktine of we ſphere, bei conſidered and applied. 
| | thews another method Gaining the E end, and even; atop than 


nis, by the application” of ſpherical triangles, and the meaſurement” of 
time ee for ſome conſiderable part of u day, and which is found 

10 de practicable at fea,” by the help of pocket watehes or other ma- 
chines made 2 ingenious mechanics. Ia this practice, the doctrine of 


2 triangles is Ne that of practical aſtronomy, and the obſerver 

protein the ri ples of the ſphere of the heaven and earth, and 

ö aecordin who of his inſtruments and obſervations wich 

| ' 118 eh ad 5 other: rn be determined. h 

4:8 2 yt EO HOES + 65 „en EY Yo N 12 1 0 
yy acts e 2 en a 6: 2 A SIG4, Io. ths, 

« — —. and aſter al, Wee e oe pee e. 


90. paſs muſt be gueſſed at. As a remedy to his inconvenience, I have 


64 ſubſtituted the circle itſelf with its points and ſubdiviſions, and alſo 
_* with its degrees,” may be applied in the ſame” manner as the 
% former lines, and have ſhewn by experim ro- 
= „ that ne confiderable error can ariſe in this rng 
62 — 8th Tue ſtabilſty ef the poles of the celeſtial equator, ind the mol 
ee moi earth, do enable the na tor" vo determine the 
you e e 34 plicatio 


2 to à great de; of a 2 
co ran dent th Nenn of the 
hers og that 4 foot THY in the heavens, 
„ whilſt the heavens apparently moved round in 24 hour by 2 motion 
from Eaſt eo ward Weſt, there would be'an"apparent ſeparation from 
nde ſun 360 degrees in a day; and the e e near dhe equi- 
4 noctial would thereby be as accurately ſound," ab the Tatitude may 
45 now be taken by meridian afritudes. But the moon's receſſion, from 
tie fixed ſtars, being hearty ig degrees in 1 day the certainty with 

_— at fea br hos 3 f 
#6: 1 for e ee for n method into 
bs ee * le more than a 2. — tn Fern 
ol the Jatitode mar de taken; and therefore, if the multitude of eireum- 


* ftanees which bnd te eren e e ould be got'over, m_ | 


Would fit? be 25 much difficulty to find the de at ſea by the 
<< moon," without erring 50 miles at the equine 1 
2 mies. This is the principal eau 


why it' is ſo extreme! iMeult to take the longitude at ſea 
bs by "te moon, and why, . greater degree of neovracy may be more 
en FE 


«© gen. The variation of the rag etic needle 
« 2 ow HEE. meridian! of the place 
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ths longitude of the % 
at ſea, when the reckoning becomes 8 eee 
be ſaid to be loſt, as 1 ſor a it: may he ſußp : 
paled: ti contain. The 44 hauts eee which the ſun. is ſup 
to male an apparent revolution round the cartb maxis id 30 
degrees, and 15 degrees to am hour of time 3; arid the .meridides: an the: 
earth ave-ſuppoſed> concentrical /with che. meridians; in the 2 | 
from which-1t follaws: that the: furl it at every ſuceeſſivs inſtant af 
time in a ne or different metidian, counting fram Eaſt towasd: Wet! 
which ir ther apparent. or viſibla path of — -0; Fam this ariſceht 
chat difference which id hna]n o be with reſhect tu night. and day;, 
for. ti 'by:. fea and: hand, when: they are widely: diſians: rant 
— 6 an Baſt and Welt dirqftion! particular. Nut for; the 
longitude at fea, when a time kteper is ſet io the ham and minute of th 
day fur one place, and itiis carried te a hace Kalge Weid, and ih 
faund to diſagree with the hour and minute by "obſervation, the re- 
ular going of the time-keeper and the ae BA I being both to be 
om; che difference between che . 
at dhe place ieee en turned nen tha langi- 
El ot ines 1 yy So Ae, 111 i 412 Wh, "ou . dex! 101. [44 i} :;: i4udC 
2 Ot EW: Nee * N d; * ** 2. botogan nend t 
man of either ng oi ingen i ee ger 
4 nautical an Whe bach given his: .cypmaidn; Lov . 
6. theſes have beer formed; but nom of themi Dave een : 
* varions, non Huth it eee we, draw the variation e 


it.! 


9 eee e _ to:think;of rein Lemans or the adiining 
m —— Was: ind, 8 in eu 
0 en ab abd:axcurate variation charw:by holgrof der“ 
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2 9 icneedle by a | 

2 is 2 = | 

CT gitude- at fea map be: determined a 

Mar the variation lines:run near 

e muth im a Zaſt or MWeſt diction; hathi;beed : 

6: tuſti ablei mathematigians: i4ndr:navigataiis:>l&n:dehing 5 
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'wydk, Eaftwhien the time is.igreateſt at the place of -obſervationg; tior dud 
otherwiſe Weſt. In the other methods of finding the lomgitude hy ce. 
Jeſtial obferuations, the ſame truth of: Ending. time at tho ſtũp . and 
Af the time at ſ6rm6'othier meridian is aimed at, and their. difference 
is the difference of 1 But in finding the longitude by help! of 
the obſervedivarimion: of :the cempaſs and the latitude f the place, by 
applying the variation charts, the imerhdd)/js.much euſien ; ihecauſe 28 
before moted, the > variation and: latitude. being found. unt tha; chart, 
ſhews/ the: longitude on then chart a8! N S of variation: a 
ſmall allowance/js. to. be made acting the increats. or decreafe; of 
the-vapiation at that onvthefchart, which is Knewweby rt 
chart to be uſed there with: Ini tlie: delimeation of theſer firflwariation 
Dee the magnetie neefle, I hade d kepuroWright's:canftihuction 
for thoſe charts Whirh are rav the rgeft: ſcale, 'which.as that of 
balfian inch 4 A degree öf latitude; eli theſe. had been draw 
91 Alt {243% 212 de yo, em ai Wigs al. 23. ij; * rgb 92 wn 
0 or bod; en eee 23. bag. eee e o anion 1 
Nan America where Dr. Halley had givem 108 W. E 
| qther charts 140. W. variation for 1 74 anf d W.;; 
tion for 1756; and which by the ſame 1 of reaſoning might 
«we her ſuppoſed 2 2 . cee N 5 0 at thoſe. 
0 aceg he more am fourt part of 191219, 70 427m X 
- »offy ;Tbth3i The impactial wall) not expect wk rant ithis:kind' 


Ae ee at ce Sia Hſedr Newton's. diſsowerien D mingeche 
Taſdlar ſyſteni, require e eee Sita kind render 
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el atiſea, eee eee. not 2 = pred 
_ <inonalways' tobe accounted for g id KN ee 


et tion charts map enſil be te ae 


ein all parts 7 a Are: ets rp — and where 
cenhey are notzaand ing appltebis hy . 
c ſo rr. Obſervations e eee rates, Cy the 


amid ſt of thofe! vaſt:occans:the:dataiart — | 
ec und that the ſyſtem is eſs. diſturbed; by: ee thete/tban ear 
«the: lands. 0. — 29 14 wile 5418 bog. buht 2010 1650 eee aut 
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. / of u, 18. Fins Abe een ee not:enly” 
<br run — A —— = font Fears 
«paſt o come. from whych: Aaxiſeth an ea 4 

2r-/the intermediate * . 4 Eon r are” 
p:dconfiderable;:;Fromthis-a0i | if az varigtionu;tbart? 
ann forthe >year, A and anotherfar:the [year B, and abe the 
dium i 1 between A an By. 3 ara not 2 
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into the charts; near to which ſhips'but ſeldom want to ſail, and ſuch 


places whoſe longitudes have been but im erſectly ſettled, for want of 


obſervations; One grent perfection in the diſcovery of the longitude at 
ſea conſiſts in the diſcovery of the longitude in the midſt of the wide 
oceans, which this method'is peculiarly adapted for; and this will be 


authenticated from/obſervations, But at the ſame time, it is not equally: 


applicable for all parts of the oceans, nor will it determine the longi- 
tude to any tolerable exactneſs in many places, which are places of 
danger; and there may be objections to ſeveral of the other methods 


which depend on the appearances of celeſtial bodies, as they cannot won A 


applied if the weather will not permit them to be obſcured” : 
' Toth. But of all the celeſtial methods that have been propoſed: for 


taking the longitude at ſea and actually put into practice, there is none 


Une hath been attended with oe” fuccels than that which 3 ten 


s 1 number of years from each Scher the indie of ths variations. 
und by both the charts A and B will be the variation for the year 

C, and for all the other intermediate years, with but little difference 

om truth, and therefore two ſuch charts being drawn, may de uſed 


v6 


vantage in the plan of this work, by which it will a 2 


and where the motion of the variation is either direct ſtation _ ; 
whilſt it is 


retrograde, and ſuch other Sg ry 1 as may vccurr, 
e under the regulation of its own iar laws. If the magnetic 
„ ſyſtem” were ſuch that there could be no variation any where; nd 


4 errors could" ariſe in navigation for want of knowing its quality. a 


e Where the variation lines continue'for a long time — the ſame, 


« atid are ſmall in quantity and at the ſame time ſpread widely on the 


„„ ocean, nearly the ſame advantages will be derived from 22 ; chis 


sig their ate at ſeveral places near the lands, whete'they wilt not give \ 


756 


ce the jongitude. At the other places where they are either — 


« dire& or retrograde,” running nearly North and South; and at the- 


© ſame time nearer to each other, the Tongitude is determinable'by. 
them. 'Thi# latter is their ſtate throughout a great part of the at- 


e lantie ocean and particularły the more central parts, in which — 4 


<« Joſe their longitude; and do not find that error until they come near 
to the fhores. But they are advantageous for all the Ethiopie and 
Southern ocean, from the coaſt" of Africa eaſtward, to the coaſt of 


„South America Weſtward. In the Indian ocean they are appli- BY 


cable for the Jongitude from the South part of Africa eaſtward; and 
* north-eaſt from Ne Eaſt coaſt of ' Africa ta the Weſt coat of India. 
In the other parts Weſt of the India iſlands and New Holland, they 
* are not applicable for the longitude; and in the greateſt parts of 


the places Where they are "thus adapted for the longitude, experi- 
< ence ſhews ĩt may be taken by chem, in moſt caſes, within degree | 


62 or 60 miles. 
th. From what hach been here delivered; 1 ft. Variation charts 


4 ol the ROT needle wi drawn'are 1 in nean 2 
„ Hee YT GS ebb ts N At 4 23 u 


** 


Ar or NAVIGA' L ON: 4s 
| in chat Samer ere Py the ny would have: betn-initrodubed: 


one chart; without much error, for thoſe years. This is another 


ON. 
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4e Mecoledppaznt: deily fparation from: the-Sun, an Goch har | 
of the greater magnitude, as are nearly in that arch of the heavens, in 


which the P day. I his method is not 
much unlike that of taking the latieudes of places by help of fixed poles 
or points in the heavens, 5 rightly conſidered, but with this difference, 
dat for the latitude, an obſerver Laiſes dhe vale in dhe heavens go de: 
\ 90 degrees from the equinoGtia]-line to the earth's pole, 
—_—_— oon's receſſion, there being no'fixed pole or. point Eaſt ot 


Weſt in the heavens, the quantity of ſeparation from one day to another 
| js uſed inficad thereof. | The accuracy to which, the longitude can be 


taken by tiris method. —— much on the dai mo an ee ſepa· 
ration; becauſe if that were $90 degrees in a day or o degrees in 6 
 hovutrs,' there world. be us good a foundation: for the | longi e by this 
method as there now is ſor the Jatatuide, ſuppoſing all ab 0 be 
uniform and reg ular. Thus for inſtance, if in that caſe the ſun and 
moon were apparently conjoined at noon for London, and that in 12 
beer 1 5 2 rege v0: ogg Web af Lendan, + in any 
Kaner 
« brawl i ap unden W gecnt 18 0 PE: 3 may he dio 
e ed by them. 2d. Such accurate variation Sharts can never be drawn 
<<. by the uſual method of ſailing. 3d. Io ſuppoſe they can be drawn 


1 4 the longitude as found by. obſerved pa nk of the Sun and Moon 
or Moon and ſtars, is 40 ſuppoſe that method perſect, whilſt News, 


. quires. 2 perfect knowledge of the refraftians Ae of the lunar theory 
<< the niceſt, infiryments and obſervers. Ath. To ſuppoſe they can 


« L drawn by the application. of time. kt eperꝭ, is to ſuppoſe theſe will _ 
« err inore at ſea chan whilſt they haue been trying on land, and that 


| " they will keep time at both, places without error. sth. A theory of 
« dhe variation js diſcovered, hy which, and a few obſervations the 
variation lines may be drawn more accurate than by a multitude of 
« obſervations and any other method whatſover. th. Variation charts 
| © have been drawn and publiſhad by this. theory and found, to 


e with obſervations at the iſlands in the oceans, whole longitudes have 
n been well aſcertained. yth. I hey have been compared with the moſt 
| © gocurate- obſervations that have. bern made at ſea hy the other methods, 


% and have indica ed imperſections in thoſe obſervations. Sth. By the 


e theory thoſe. charts may be drawn tor years to come, as well as for 


«+ the preſent time, and n be ready for . at all times at an- 
88 eaſy £xpence. th. The law of the variation is ſuch, that in thoſe 


** vaſt ocealis, at remote diſtances from the continents, the variation 
© Jines determine. the longitude 3 . * places. the knowledge of the 


#5 Jongitude is maſt wanzed, the ſhorter diſtances: to and from places 
being geterminable by the. rechoning. foth. The variation lines 

determine xhe longitude 3 ee coaſts and iſlands 
$ which are ſrequented in the important navigations; but 3 

et are other places where they _- pork ee is an impenſection in the 

| 55. angthol of finding the longi the variation;..-hut.#t thoſe places 


_ 46, the navigator: ot be wee * 
gas eas ä chew tha 
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latitudey it- would ahep he noon 20 chat plac x dune inſlacs it 
would be 1a MM path neon at ther ſame inſtant 
at the neu mtiidian would be ſepanated 90 — om! from: che. _— — om 
the difference af time for the two places 


will have-any| determinate quantity of ſeparation from each 
pn] ern ws and the ſep ; ohſerved at another menidian 
the —— — dif op the „ = 
turned into degrees gives difference. Hes We 
method the ſeparatiom here has been 
3 —— my a4 


Therefore ad: eee the ome for Loadon when he Sumand Men 
othey,- en 


2 5 


a king . are a8 numerous as A hippies: of the ſun, : 


Tie which is incilant to. ther method but a time 


keeper. rath. The variation my be taken when the ſun is Hear 
25 the horinon Me peculiariadvant 


aden which the lanag method by Sem 
4. A ee, or mom and ſtars will Laa ay th without great di- 
e+-through! ugsertaintmy goncerning horizontal 
bie mag be ſaid for (mall altirudes, age e the 
ee rin 7 2 —.— ae 
7 ny: 
Fo here is required 2 


th ene: 


compel 
— — — — | 


many places, e ee ran igathens e ers. 


Adangzinacde within half r ee Iyth. If the variation 
„lines were as 0 I places; 8 at 'many places remote 
i ee ee ee by: thn! wichin half | 
ee wniverſally; but as that is not the caſes if a. con- 
$4 made far their deficiency 8 


ly conſtructed to leſſer and greater Kalles, Aer | 


4 Wright's manner, will be of uſe to navigators; in (indi — 


© caarle to be failed: from, one place: to another, whether the di 


n 3 
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far as it holds yood, entitles it to the greateſt attention, 8 6 endin 
222 the immutable laws of nature, which maniſeſtly exiſt rough- 
e ſeveral parts of the univerſe. The variation of the magrietic 
needle is alſo founded on certain laws of nature,” which have been — 
ſought after, but hitherto little underſtood. "Before*the year 2500, it 
was ſuppoſed to be an accidental property or: quality ariſing from the 
5 \confrudtion of the wires of the compaſs; but aheout that time it 
be conſidered às a real property of the magnetit needle. All the 
d 1 from Columbus to Sir Francis Brale, Sir ' Thomas Can- 
46, and from them to Abel: Taſman; were diligent obſeryers of the vari- 
-ation-at different places on the oceans! Dr. Laniund Halliy, in the year 
WH was at the iſland St. Helena obſerving the: ſouthern” ſtars, as ap- 
that ublicatfon; the variation ehart Which he drew, was for 
bo floh bb ervations, ſome of which were made la Ihort time before 
Wen year! The interval of time which Dr; Halſey took to bring forth 
his chart was therefore at the leaſt 23 years, and whencte was drawn 2 
nultitude of qhſervations had been conſulted for itg and his fu 
of there being more than two magnetielpoles rendeted it inpelibleito 
continue the lines on the .chart by any regular © or [jog theory. This 
it I aff 0 nan wie: an CLOTTING AR vba rr N ods on N 
. And p perly drrwn, Wilk be of ue inn alle ing for the variation, 
Beth e A 19 1 at ſes, vill enable che Bavigator co pure 
. 29m his'voy: duly: hae e e amen en, — 
: "tions ban Þ 


* — units 5 _ | 
Perfections m navigation. Blank e 
of the inſertien of fuch Nands* capes ane — 2 the ingeni- 
bus napiggtor finds fe have Corrected 7 Reteby the ce und diffante 
terte and from them te Gthef-plaes Wine e Mad withivertaintys-- The 
0 de of the'Thij ou oute mow Variation harem the-laritule 
5 and wa wie of ace” may' be "fownd\in>anyrefithe 
Gurſe and Anſtanee. to other places 
readily k re, u od N 4-npiaxiioy' 3641522877 
e 38th! In Aces d ett, T wilti'ts rewiſhanehe'1 = 
ee the great urnfty dorfefpondenr ohfervations oF Naben eetipſoeny 
ec be of 1 compil d with n odch z recen en dagen 
Kaftronomy:” 7 et ö 2 ole bn Sd nA nt 
e igth. Ph method of 'ceſeufarl .de weritlon chte Inſtrumſerſts 
. wed” and the application of the charts are us gots Wer 2 
ments to be uſed are either ——— 
4% navigator ſhould likewiſe have ary f im urg — 
4 app! ed- For determining” on whaty ne of the cofnpaßt 2 
„minutes, the — bears at the making of an quat- 
4 rant is takin is the latitude of the Place e dee e the 
. Fun, w hen the ongitude' is obſerved for; e great" ood 
l e in either of thele; Hor that the àzimuth compaſs ſhoule' . — 
| e wagnetle bearing "of the ſun neater than to a quafter of a degree.” A 
mn eee ao ai penſend"withz*iF levers obſervations = 
| take 
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was the ſtate ofthe wiriation ahart gil 1744 when/ Meſſrs: Ae 
and Dodſan drew a new chart z; and 3 as appears by the: pam- 
phlet going with their chart, laid down the lines as e as paſſi. 
ble from obſervations at ſea By the ſame it alſo t. beſide 
the aſſiſtance of Dr. Halley's' chart; the Honoura Ne 
the Nauy; the Directors of the Honourable Eaſt India Company;zi' the 
committee of the honourable: Hudſon's: Bay Cumpany the Aſtronomer 
Regal; and other perſons contributed their obſervations to thoſe emi 
nent mathematicians for the perfecting of that chart. Mr. Aung 


 Murtays: one uf the perſons who contributed obſervations/on this: oe: 


caſion, ſays at page -204 of his Treatiſe on Navigation, in ſpeaking 
about the variation. ©; when no obſervation can be made, recourſe may 
be had to Mr. Mountaine's variation chart, which he — co 
with. great accuracy from a collection of near eng bu 1b Ab- 
ſenuaians But were this not enough to prove the utility of a. good 
Variation chart, in the London Magazine for n SS page Saz, 
the diſſertation of thoſe two eminent mathematic ians on this ſubject, - 
. he ſeen at large, whereby it ee eien were 
1 N 1 M58: 0 24.657; e it $i: DIY 0% 3 requeſted. 


Hi en 522 205 edt be 2 0110 en E 1 10 958 : * 


taken nearly at l of time — ee of chem e 


. down forthe abſexvatian. He ſhould likewiſe have a table of logi 


e chmie nei. tangents and ſecants, the variation charts here/deſcr; 
| +.a:tableafthedun's declination; and if be chuſen to ohſerve for the 
longitudt by this method' in — 2 haue 2 


45 of. 3 of the ↄrindipal fix 
ee bis nog e the lati 


- from — e He 
* — — theirhalf ſum 

in dog: ines double e (azimuth 
$<rarue: bearing | eee —— 


Pos 


nel your come 
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and: tors 


. 2 d e 27 282, XY ith 


= _ chart is daily ae for 
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1 ** nn clitinamaibe- dt ubm 
eam; uud that their plan “ met with the approbation of the peu 
An 1 Royal Society, who deſned their members ta communi- 


nee the: lines of equal 2 remained 
— wa anend 6 


—— males no d de.) This — | 
1 vice bins den = pi 
- 433 5th. - ofcd to 3 1 0 variation chats, by 2 Je 


. of ſents veer load booms: et fy cry xr 


b is e chief defign:.of og, Ba tos coma 


—— are ef dh kind ; | __ te Geary 
prune Hg + 9015 ,407 ane an Abe % 20/41; 
ena gy 8 | 
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ns accordingly.” All this while, 2 theory; where. 


JS S322 oC OW ants cane? as ot. i. ads Eero „ =, nyo nee ep we. Oe oo Ut hog 


p Sp 
C ² ˙ wu... ⅛ͤc er IRE SAS” OY 


8 R * 
* et bf] 4; 3 - e . ee 2 
3 8 2 £ r 
3 n 2 - 7H 


| re le 3 from » m_ quarterings of the box, frequently 
mier 


ww the direction of tbe weck. - $8. There are not 8 waning proto ine 


\ ſerved to have; 


ha” vari: 3 h the ſun 

hereto th | tian of wy — br nay 
the era, and * the. vatiation chart tif 

were not perfect 
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No 0 and ts | 4 coinci | | 
d ene 7 K of. of he abip.; * if ſhe were to | 
her couxſe to. an Ea uſt go degrees of the horinan f 


84 forme pts e oo "rays 5 to conclude that the courſe wauld 
thereby mga realy. Eaſt or WMeſt, as 1hewo by the ————ů - 
to 0 ER would 8 incogſiſtent with common uſe, but | 

lately complained to me of dvi hed 
— —.— fon ant of ſtand ing this eamibabẽ˙ 


2 —__ eee 
5 1. WES f o7 paints 
aon ; although at Ihe. here bath been 90 mechanical wk. 
framing the inſtrument. . Of this propert | 
practical gtranumy, and conclude theretrom, - 
ther pro ie the im perfectian of infiruments, than a want af uni 


* 


memoirs. of 3, af a compaſs being carried x 
jar of 92 1 where iron ores have been in 
conſiderable e ffact produced pn the n le thereby, or 
By e Nig To which might be added other 8 
GT, 20. account for irregularities that may arg been 
and ee ee e ee ee ee 
Wee 2 ious — af the globe the necdle hath been ob= 
vivacity, but more accurate er- 
the variation hath an annual A 
5, nearly tat dame, ſar ach- 
ſiderable- dime, aud ther . of improper to be applies! to duinte 
purpoſes either by land or ſea. 


Much more may be ſaid mm uſe. of abans contraſted | 
ing: to a e theory of eee. 

obſervations. mac e on the ſpot wich the 

as it is, eee ag e 


ments Rave praved, "that eds th 
daily change, it ceo 


N er for chr n pradiice f — 7 the 


But in order to SP the variation chart to theſe Seen | | S, it | 
will be proper to obſerve theſe following rules. e LPR 

Caſe iſ. Given the latitude and . al of a ſhip at ſea, according | 
to the reckoning ; to find what is to een Tor variation. at that 
place, i in the courſe to be fteered ? 

Rule. Find the latitude and dongitude as nearly as poſſible: among the 
parallels of latitude and meridians on the chart; and the curve lines ex- 
preſſing the variation will ſhew the variation required. 

Aal. 18. In latitude "30". N. and longitude 200 W. what is 


dhe variation ? Anſwer,"1 36. 28 W. 


" Example ad. In latitude 250. of 8. 5 1 N 4 W. Wut 
bs th OT AI, 5 ee | „„ 


e 10 n 7, n 1 
be required for * other year aſter this bo _— ois to be taken out 
af the charts one rat aged wp and the oder foe pe to come, and 
a proportional part, either to be added ot ſubtraQted; as the 3 p- 
Pers to be either increaſing or decreaſing by thoſe two charts.” 

"Caſe ad. Having the latitude” and i Won” at ſen, to determ une 
| the longitude, at places where the Iines of equal variation, 

. run tod much f in a direction Zaſt and Wet oh "the variation 
rt. 4's 6 $ Ay; 

"Rule." Lee Ather _ amplieude vt lh" abiinurh of: the oh be 
taken according to the inſtructions under that head i in this treatiſe, x and 
thereby let the true variation at the place of the ſhip be eotphtes, 
With this variation and the obſerved latitude; enter the variation chart 
and from the place where theſe interſect, guide your eye either north 
ward or ſouthward in the direction of the meridians, Whether they be 
at right angles to the parallels or not, and the figures in the margin, or 

uated meridian, will ſhew the Anke of Variation „ 

ind it is of, which was required. 

= Example rſt. In latitude 100. O N. 0 Wen is a: W. 
| W e the Jongitude from London? Auſiber 260. 1 5 W. for 17763 
but as the variation in that part is ſdund to be increaſin by by comparing 
two charts, it will be for 1786, longitude 205, 32, an for 17, 6 lon- 
. gitude 269." 50' W. of London by the ſame variation and latiti tilde. 3 
ene ad. In latitude 100. 0 f. the 8 55 obſerved being 13⸗ 
0 W. Required the Jongitude ? Aufi 9. 0/ E. for 1776; 2nd: 
a0 the variation is leſſeninę 9 24 pg at Nice place, the the” vari- 
ation and latitude for 1786 would have given jongitude 505. 32 E. 
and for 1796 longitude 705 E; and for 1806, "Jongitude 495 5 E. | 
is ſhewn from a compariſon df two charts 
Thus might the noble art of Navigation . brought to its wiſhed 
for ion, or at feaſt the jongitude at ſea! might be taken ſufficiently 
exact for uſe, if the greateſt: advanta tages wy obſerving the variation were 
general; but as that is not the Cafe cafe, and other 5 likewiſe fail 
when no obſervations can be made on the celeſtial bodies; it will be 
requiſite to have the uſual method of failing for general ule at ſea, of 
we NO nes all! "es OI Is a . ALI 3-80 6 32 
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fines, will reach the ſame wa fevor 650'ta 361 ön Ponte for- the 
departure. Alſo; erte, Fee «to 565, e In fines] will 'reach the - | 


fame way from 650'to pies! of latitude. * 
the ans way, e ee e to a deſß or fro ſhes Ko jg x7 
number; for, "4s the fine” 6 n greater han! he 15 5 
fuſt 651 be greater than the anfwer erz th there 


he to left; otherwiſe from Jeft ts ff rig t 6n'the ſeale BD 
difference of latitade and dep | E King ta . 
55 miles are 54 miles, and 30, 1 miles ; therefore the . — 4 
650 miles would ee difference of latitude g 40 miles, — che depar- 

—_ "miles. Thus may the other caſes of a'ri ae — — be 
ſolv firſt forming the "proportions bat it will: : 
traverie A0 or — logarithms. Caſe 2d Both latitudes and * | 
cvurſe being given, to find the diſtance ſaifed-andthedeparture?s Sup- i 
poſe a ſhip in latittide 50. 0 North and that ſhe ——1 N. K. by Nd, un- 
til ſhe comes into latitude 30% NI; requir red the diftance failed und 
departure? The latitude fajled from 18 568. oh "arid come to ib 50% 10g 
the difference of latitude AB ney My = 2 1 37 
45, and complement of it C SO wically,:make 
2 540, and the angle A 335. e ticular 

C, en! is BC the e e AC the di — O=mpang? = 

— as radius, to the true AMfferenee of laude == 
tangent 11 the court" 39:45 OT rn 
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25 5 gente Bede dad 
25 —2 are 
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Jo pen 150 to 15 e 18 


5 DIX. 
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logarithms, as . BC. the:: T 1, miles 

Mages, to ſecant of the ang} CR f eee 
51185 therefore, the cour #38 33 2 2875 And, as, radius to A 
3 >.650/n v 4,4. ſo ic ſins of the complement ofthe: eur 
55 75, 60 2 AB in Ont, of | Jatitade. 389 miles, or. ee weigh 
2842455500 0 89 955 the latityde.required, Caſe 6th,;Qop-lar. 
tituge the courſe. and. ure heing Bt ven, ta ſind the other latifudey. 
2.— 7. > th p; fram latitude, 50?,, 0, N. ſails; 


N. E. by N. 8 departure is. 12 miles miles; required the latitude:ths, 
3Þ:1S ge failed. Grometrically, gran, Be 30 
* 5 1 angle C 569. 18 ths camt 


Alte meet.the.perpendiculary, meat 

the; difference of latitude. Bu, l, 

che gepgrtur 361 miles, fo. is tangent of. 

| ant. oh” on Bec e 15% to AB the differ-, 

„ 5 d ſo,1s the. ſecant. of angle 05 to AC 50 

Ee en = mm miles, or 95. G * ee j 
ode te eee | 
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10 Je cho fre forefving eaſes: of plain iilic era W AM 
on, Huth been cnfidered as u plane, be by”, re a | 
arallel to each other whereas, it differs but little: Galen e eder 
w lobe; and the meridians apprbach each other and miest àr the poles; - | 
on'Which wear plain ſailing is erroneous, arid: andeher Kind of Tail 
Tab atitude ſailing, is often introduced to/carrect the error, 
les of which are as follows.” Let AB and C be two p 
of 1 ns, 


DE wh . 00 AD 11 greater t —— the u AD: | 

the angle BDF. Po correct this error, e 

ſum of the two latitudes is taken for the latirade GH, beat, ES 

and L. HM alſo perpendiculars to AB, the ſhip is ſuppoſed 5 0 

oblong EK JEM from K 60 L. which is hearly- the diſtande ſ. failed but the 

angle IKL, "which is taken for the courſeg is not . the 

angle CAD; And, taking GH for the Jepdrtdre;! *\phenever that i 
fond in mise, the worteſjiondent difference of longitude Ts hall by t 


analogy, as coſine of the latitude to radius; ſo is: the' depaf̃turę to he 4 
ference of longitude. From which eriſetk the fix foregaing Cafes 
ſingle courſe, and che ſolution of them by middle tatitude falling; as 95 
lows, Oaſe 1K, A ſhip from latitude 50% W., fails N. E. by N. W 
miles; required the latitude and longitude comme fo? * 

found as before 301 miles, and the difference of latitude 40 7 
Alſo the latitude come to 59%; o the —.— failed from b eu, 
the half ſum or middle fre is s Then, as coſiße middle. 
latitude 54. 30% log. , 76 Aide i is che — whe 26 
miles; log, 2. 58757 do the di ate longitude: 627, 6 minutes; ot 
10%. 22. Caſe 2d, A ſhip from latitude 3 N. fails N. N. E. An | 


til-ſhe comes te latitude 50 O N.; reqhifed the diſtance Ad) ant hs © 


partufe ; alſo; the difference of longitude: The diftarice yy _— 
650 miles and the departure 361 miles as in plain wn 
come $0 is 59% O, the Jatitude failed from 305. &8nd the wi 
2 Zo; whence ag before the difference of longitude _ Sq A 
ip fails — latitude 50. of = on — — od | 
ward, until ſhe artives in latitud 8 . the e = 
arture and differenee of — N de 
uw! 361 miles,” by: plain failing; the middle latitude is 8 27 
as defore 10% 22 the difference of longitude.” Caſe 1 th K A 
e ldreade 0*. O, N. to latitade 50% c N. the departu 
being 36x Miles; -required-the coutſe, diſtance and differende of Jo: 
tude? The courſe is 3 7. 45 and diſtance 0 miles by plain ſaifin ſailin 
The middle latitude is * &', by-wh which as before 10% 25 is e de 
ew longitude, "Cafe 5th; A'ſlip from-latitude 56% O fails Nai 
Caper de 650 miles on one courſe, till ber departure is. 361 miſſes: 
and ane latitude: come to, alſo the diffeteace. of tofi- 
mY 3 courſe is 330. 4 the difference of 9 $49 Les tf 


90 * a ee. 


=” 
£ 2 i 
_ — 
* 


\ 


enge Cie 5% 41, 
ling as ben farther, on. Caſe ad. & ſhip from latitude 500 0 N. 
dN. e N 

| | diftance-ſailed and departure? The coſine of A-the courſe 33%, 45% with 


6 GREAT CIRCLE SAILING; 1 
dle Jatitude'54*. 30, by which! and the departure the difference of longi« 


2 


tude; is 100. 2. Caſe 6th, A ſhip from: latitude 50% ON. ſails N. E 
by N. until her departure is 77 5 miles; required the latitude come to, 
che diſtance ſailed. and the difference oſ longitude? Fhe difference of 
latitude is 540 miles and the diſtance. ſailed 650 miles hy plain ſaiſing; 
«therefore the latitude come to is <9?, o the middle latitude is-54% 30; 


and the difference of longitude 10. 22% ie 


us * 
* 


| a inen N 
49, The ſame ſoregoing fix caſes of a-fingte courſe, may: be ſolved 


the application of a tight analed ſpherical triangle, as ABC, in which 4 
will be the differente of latitude, BC the departute, or rather weridiari diſs 


| tance ver) Ma AG the diſtance ſailed. A the angle of the courſe, BA 
right angle. and © 


another angle which will be nearly equal to the comple | 
ment of the courſe to 907, And the manner of ſolving them will bei thus. 
Caſe 1ſt, Given a place in latitude go N., the angle A 35% 4% AC 


o miles, or 1009. 50, to find: the other parts. As ſine of angle Byo? O 
to ſine of AC the diſtance ſailed. 109. 500; ſo is fine of angle. A the-courſe 
33. 48% to ſine of BC the departure 5 50 f or 359 4 miles the de- 


Parture. And; the five of AB witb radius; makes. the co-tangent of 
A 339/45 with the tangent of BC 589/43 hence AB the difference 


of latitude is 90. 3, the latitude come to is 500 3; and, as coſine of the 
latitude 309. 3, to radius 3 ſo is the ſine of 5. 50 J the departure, to 
the ſine of 11. 43 the difference of longitude; For the angle C, its 
coſins added to radius; makes 


coſins added | the co-tangent of AC the dibance ſailed 
107. 80% added to = tangent of BC the departure 6?. . Hence, the 
A more correct way would have been by Wright's 


. until ſhe comes to latitude 5307. O N. required the 


radius; makes the tangent of AB the difference of latitude e, C with 
the . of AC the diſtance ſailed ; hence AC is 10% 47! er 647 
7 miles. T eng 


gas ſine angle B . to ſine AC 109, 4) the diſtance 


| failed, ſo is fine of angle A the courſe n BC: the ve. 


' parture 5. 38 or 358 miles. And, as coline-59% % to radius; ſo ſine 
75 58! to ſine 117. 30 the difference of longitude. Caſe W's A ſhip 
ails from latitude, 50% o' N, one conſtant courſe: between the North and 


Faſt, until ſhe comes to latitude 50. 0 and then finds ſhe hath. failed 


G50 miles z; required the courſe, departure and difference of longitude? 
The: difference of latitude AB is 90, and the, diſtance AC 109. 505 


l be eoſine of angle A the courſe, with radius; makes the cotangent of 


- 
** 


. * 


2 the diſtance ſailed 107. 50, with the tangent of AB che difference of 


latitude 97. 0 Hence the courſe is 34% 9% Then, as fine angle B go. 


to fine AC. 10?, 500; ſo is ſine o angle A the courſe 34% 95 to:fne 
of BC the departure 6* 3 4. And, as cofine 59%. of to radius; ſo is fine 


be. 34, to ſine of 11“. 40 the difference of ſongitude . Caſe 4th, A 


8. 


bi no ſil from latirade 508%, of N. to latitude $9*. . N. and make her 
departure 361 miles, or G2. 1% required t 


he courſe, * diſtance and diſfer- 
ence of lengitude ? The difference of latitude-AB-is 9% O, and the de- 


parture BG a. The coſine of A the diſtance, With, radius; makes 
the cole of Ah the diſterenoe of latitude gf. O, with the coſins of mw 


. 


. 1 „ n en * 2 4 2 A 
N 2 9 At: COND.) e 9 5 . ; 
* > U 
0 


of latit 


E. diſtance ſailed AC is 630 miles, and the difference n | 
TEN * 1 | : a 5 : | E ty | 


the departure 65. 1. Hence AC the diſtance is 105. 48/4 or 648F miles. 
Then, as fine AC the diſtance 10?. 40 f, to fine angle E 90. 0, ſo fine 
BC the departure 62 17, to fine angle A the courſe 34 50 And, as 
_coline-59%. of to radius ; ſoſine'6?. 1 to ſine of 119. 44/4 the difference 


5 . 7 > 


we”, 


33.425 to ſine of BC che departure 3 50 f. Then, the fine-of AB 
the difference uf latitude, with radius ; makes the co-tangent of angle 
A the courſe 33. 4% with the tangent of BU the departure 5% 5 1. 


Hence, AB is 9% 2, and the latitude in is 509. 2. And, as toſine of 
2 59. % to radius, ſo is ſine of 59, 89 4, to fine of 119. 42 + the differ> 
ence of longitude. Caſe bth, A ſhip from latitude:.50*: O N. fails N. | 
E. by N. until her departure is 301 miles ; required the latitude coe to,” 


the diltance ſailed and the difference of longitude? As ſine of the courſe 


the di failed 106. 8/1 or 631 T miles. Then, the tangent of the 


departure 6. 1, with the co-tangent of the courſe 39. 46 leſſened 


radius, gives the ſine of the differenee of latitude 9. 4/1. 80 the | 
titude in is 59%. 4 . And, as coſine 309. 4/F to radius; ſo ſine 60. 1' to 
ſine of 115. 40 the difference of longitudee P1104 


Jo. In the foregoing ſolutions by a right angled ſpherical triangle; it 


may be obſerved, that although the right angle, hath been, in each caſe 


made by the meridian and the great circle of Eaſting and Weſting, the 1 
anſwer in every caſe hath been different from the method by middle la- 
titude ſailing :; and how, much the difference may be, compared with 


Mercator's or rather Wright's failing, will be ſhewn in the followin 
examples. Thus, if there are given both latitudes and difference 


_ longitude, to find the courſe and diſtance to be ſailed, in the rhumb 
line; in the figure ABC DE, AC repreſents the diſtance to be ſailed, 


AB the true difference of latitude, BC the departure, A the angle of the 
tourſe, C the complement of the courſe,” AD the meridional difference 


of latitude, and drawing DE parallel to BC, it is the true difference of 


longitude; the triangles ABC and ADE being ſimilar; from which ariſeth 
a variety of analogies for ſolving all the caſes of a fingle courſe, thus. Caſe 


1, A Rip from latitude 5. O N. fails bo miles N. E. by N; requited the 


r 


true latitude and longitude come to? The difference of latitude-AB is 


found 3 40 miles, and the departure BC 361 miles, as in plain ſailing; ſo 


the latitude come to is 59%. 0 N. whioſe: meridional parts are 34 10; the 
_ meridional parts of 305. of are 3474; the difference of theſe parts is 936 for 


AD. Then, as radius to AD the meridional difference of latitude; ſo tans 
gent of the courſe A 3%. 455 to DE che difference of longitude 607 Nor 


boy, g or 608 minutes nearly, ot 107, /; Which by middle latirude fail» - - 
ing was 10 22 and by great circle ſailing 117, 43. Caſe ad, A thip . 


from latitude 309. of N. fails N. E, by N. until ſhe comes to latitude 
59%.o'/N., required the other parts that may be found ? The difference 
AB is 340 miles, and departure BO 361 miles à8 in plain 


longitude, Caſe zth A ſhip from latitude 500. o/ N. ſails N. Eaſt- 
_wardly. 650 miles, until her departure is 36 miles; required the wot 
the latitude come to, and the difference of longitude ? As ſine angle 
905. O, to fine of AC the diſtance 16? 30% ſo me of angle A the courle 


wy 117 to ſine of the departure. 60. 103 ſo is fine of 909. og to ſine of 
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| 5 © middle Jatitude:the uf way is 4. 30, And, as cf 


855 un ＋ * 2 111 11 „ 


E 7 middle Jatituide 105 a md by abe 
ab citole 245. 30% Caſe gd, A hip fails rum lutitude 506. N. 6ß0 
atthweſtward! until ſhe comes to latitude 59 0 N.; re Suite dle 
— and? The courſe is found 87 5 and whe departure 
Zerimiks as in plain failing. The meridiondl a — of farirude: AD 
parts: And, as radius to AD-935, ſo rangent'of courſe A'35" $5, 
| bK theildferenceuof. lon —_— bog minutes vr 105 25; by wid f 
Antitude falling 20. 2 an by the great circle 11“. $444 Cafe — 
ip fails from latitude, go“. O N. to latitude” 50. & N. the meridian 
Jittance of che two places being 30 1 miles _ N the other parts no 


known 7 Abe courſe is found 33 kee 'the diſtance AC Seni | 


28 in plain filing. The — 


rec of latitude AD 94 parts, 
2 the diſſeren 


aol 3 DE 166. 25 wok middle latitude failing 
36% 22), und b * oirele 11 44. 

latitude 9b, of Eaſtwardly ore Er miles; required the 
other parts unknows The 'difference of latitude is found 540 miles o 


. noe vf latitude is and kes ge e len 5 As be- 
pou 408. 25 Ec GA tip laritude 50. 0 
until her depa is'961 miles; — the order parts n 


The difference of latitude is found "ef and ane diſtance 650 miles, 'ss 
in plain ſailing. The meridional differende of latieude g 25 parts; ank 
dhe difference of longitude Ne 5 r middle latitude 46% Tay and by 
he great circle 10% 5 ff, ( | e Kt | 

1. From the near ment 
ing, and the-difference:whicb arverh in great Cirvle ſailing, it ap 


al 
s if middle latitude failing” were but little in ſer ior to the truth itſelf; bun 
that th s not the caſe will be evident from a ſblution of ay one of 
_ ' caſes for $Wo-places'more remote from the poles, where, 
as'bath been alteady noted; the rhumb line more nearly coincides with, 
the great circle paſſung through the places. För example, let the firſt 
aſc be taken, ayd the flip ſuppoſed to ſuil Mom Hatirude-bY O South, 3 
N. E. by N. courſes 650 miles; and 1 other things be ne 2 
-by che ſcvetal different methods of unt plain ſaili Tbe 
akrrente ol latitude is 40 miles or 9 , — 2 eee "7 to is 
Pd N. hechuſe the 415 hath croſſed! the equinoctial. n 
e miles, and the d Iifference of longitude bY V. | 1 65 — 

ſailiup. Phe diſſerence of 5 and f 

| wing the deten from, is 6% 0.8. and 4atirode-in 30 


Bus ß ſe 30 miles the departure, to 362 minutes er 6% 2% ane ence 
| of lpngitude;- J, By che Preat circle. I be Uifferente-of ldtkude 4 
. % ——— 8 the departute is 69, 0 nearly, and 
«ke difference: af longitude 6“. 4 f. Ih, By Wright's failing. © The 
| difference of latitudes . 0 . e latityde cee to g?, &iN The 
mneridional parts of 6“. the 4atitude from are 360, 7, and thoſe of the 
latitude im are 180, 15 their fur 54.1 is the meridional: diffierentevf la- 
gituge,;: And, as radius t6 ta gent 33 $5, the courft ; ſo 54.15.60 

„ 1 x 108 of longitude. Ther 


2013 


5th, A'{hip fails from 


o, andthe departuve ** — as in plain ſailing. "Wie meridional 


0 ent- ede dune wth Wrights, 


1 one, SATLANG.- 10 * 5 


2 ——— 'byplain-laling i FORE dane 
>= 9 5 23 — — > wr Ne een W 3 2 
400 a e NS is 7 ling) 

ut Waſterar Sour 31.455 ce 
5 he great circle, the daparturs- would: have been as befors 665, O, and the- 
AD eie in 68. of South; and, as Kr, of latitude in _ to radius 


from. latinudeiz% © News 
iled: 640: miles ien by 


% N ae dee ebe rpg en eb ache. dne es G. 2 ths diene f 


itk Wr tailis 17 4 269.404 
= peas of two, plages-ave> Hume this 


0 langitudes 
kay | 52. When t 


not like analogies are to be uted, or they are to be inverted, as the queſtion 
iles ; req . agen ö nk of! | Rae N. 2 n i 
1 latithy 2 eng & and 

119, | 
= of ns} 2 15 80 minu | | bs 
OY ſo 2 Q 1 8 £Q 10 THE N 1 » 
e 
be. oc mile e etage OH 15 aeg id y 
95 mid 2488 dale latitude 125 "0 on- 
Sy Fs fe rolling SE 8855 (0% % 
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nn Ih Hh | 


of 24% 264 to fin 
X oY che 15 ate 52 
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ds 2 e ere 
ogra 8 118 
No 
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an The 995 

| ate * 4755 

| " Km 9 ace 

de Is W 115 aids; ſo the gi | 

ee a 24220 Eg + 8 117 Fees 'of 185 92 

les tze“ 12 0 Hg 1 3 er BY 
4% mide 1 ws 
ES Ul 1 2 9 0 


b is 2017 
55 ri Barns ele 6: * 
ay Ro 125 Iles; 
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1 or T. srENoDAU anke. 


8. In chis place, it is proper to cnũder, the ſpheroidal figu of th 
tk and ſuch errors as have been thou ht to wiſe'from it in navi 
tion. Sit Iſanc Newton in Principia, 1 Prop. 20, gives a tab | 
forithe length of a degree of laiitude to each fifth! degree, | 8 win 
| carried: a ery degree of dae en dk ware e 
1. APABLE of the: Rade uf the lengths dF; the 8 lat 
tude, for.cach degree, from the equinoQial to the 4 Me a 
Rica eee diamet l f 


„ 


it, I iz ww) apa | is! . lepree of e are the equi 
expreſſive of the es, a) of a de gree o laticu le, at that diſtance ff 
| the eq uinoctial'; "and con equently,. Ef the ſum of any number of 45 
2 1 of Fatirade.be taken by adding together The 8 the equal 
- parts wo hat degree of latitude will be had. Thus, if the lengths of all 
the 1 ee eguinoctial to the latitude of 685. be. required, they 
vill be 11566 c equal parts, for the length of the arch of the ineridian 
from the eg 7 85 the 0 of W But the ng 1 | 
* eee ing 56637 of theſe equ | near t 
| 2200 fic wha latitude would: 1 bugs e bd qu f 


e ffe rene 


| which and the form mber, is 13376 
on $i, 55 Lo doth; pot: amount. to à quarter dg of a degree of latitu 8 

ny place f the earth or Jea,.. By the, ame methods dhe ſum of the 
5 8 n $ Oy equinodidl_to. the, pole will; de 2 b Tk 
Kage 30 2 5 therefrom, IVES 24 ich is. 
lenz than ai 20 latitude,” F 5 we 5 compati- 
ſons, it appears, that in meaſuri it ſmall errors 
FO wil 6 of t le Fg e of the es of latitude, 
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and even theſe errors may be leſſened, by taking. ſuch g meaſure for e? 
degree of latitude, as is near 1 5 way . ue and. _ 
F dee uſe the meaſure adapted to a degree 
of latitude from 407 to 500. is uſed in navigation. 2d. From this ariſef 2 
an eaſy method of correQing the degrees of latitude of the ſpheroidal _ - 
earth, in their application to 21 Suppoſe for inſtance # ſhip 
fails from the equinoctial to latitude 60?, ; here will not be more than ©» 
2 quarter ofa « ; oj of - latitude to be added to 60%. making latitude © 
60°. 15 nearly, for the latirude to be ſailed to, which being only a . 
mile on every-240 miles, different from the uſual method of :reckoning, 
is too ſmall to de noted in practice. From which it appears — 
who have given elaborate theorems for correcting the errors in courſe 
and diſtance, ariſing from the ſpheroidal figure of the earth, might have 
ſaved themſelves that trouble, had they conſidered this matter in à pro—ʒ 
per light 5 for they might have endeavoured to find how much the/addi- 
tional or ſubductive error, would have been, and have added or ſub- 
trated that, to or from the latitude: found in the uſual manner, and it 


the poles; and this is the caſe, 


would have been e the ſame as by the eee 14251 we ** 
54. A matter of greater conſequence, is the length between knot and 
Peary een ought to be ſettled according to the true 
meaſure of the earth; as the half minute vr ors ought to meaſure. its true 
quantity of time. iſt. The diameter of the earth being nearly 7942 
Engliſh miles, its circumſerence is 24950 Engliſh: miles; and the length 
of à degree in the arch bf a great circle: 892 feet nearly ;. the 60th. 
part of which being 6099 feet is the length of a nautical mile, by whick 
the ſhip's: diftance failed. is meaſured. nd, hers DARE 430 half minutes 
of time in an hour of time, it follows, that, if the thip,runs. 6009 feet 
or a nautical mile in an hour, ſhe runs 50 3% Eogliſh, beer in half a 
minute of time. - Therefore, if 51 Engliſh feet nearly be the diſtance 
between knot and knot on the log: line, and the ſhip fails one knot per 
half minute, it is one mile per hour, if two knots per half minute it is 
two miles per hour; and as many knots and parts of a knot per half 
minute, ſo many miles and parts of a mile per hour. But although theſe are 
the meaſures, navigators conclude 50 feet for the diſtance; between knot 
and knot, a good meaſure, when Wee incident to a voyage are 
conſidered. - But here the half minute glaſs. by which the time is uſually 
meaſured ſhould be conſidered. 2d; A fine thread faſtened to 2 fall 
the centre of the ball, being 39,4 inches Engliſh meaſure,. will vibrats 
ſeconds of time nearly, by this the half minute glaſa may be examined, 
_ and. if. the glaſs be either too long or ſhort, the:diſtance meaſured may be 
cotrected by analogy thus ; ſuppoſing aglaſs is uſed which runs but 25 
ſeconds whilſt 6 knots: are veered oui the ſhip will then run more thanx 
6 knots in 30 ſeconds, the half minute; therefore, as b. ee to 5 
xnots; ſo att 30 ſeconds to 7 4 the miles per hour: which the ſhip runs 
at that time. 3d. As the error of the glaſs may be allowed for when the 
Une is rightly divided, ſo may the errot᷑ of the ſine be allowed for, thus; 
ſuppoſe a line having 1 fear between knot and-knot; veeres out 6knots | 
in a:plaſs.of 25 ſeconds; 6s times 42 feet ox 252: feetrun outlin 
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tor 30 ſeconds. of time, althaugh abſeryed by, an erroneous line ay 
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Flaſs, v0 de ita % nf . pay SE +. HY | DOAINE 189 0: 
2335 The meantleagth. of 2, Bautical. mile being. fag, Health feet; 
And 100 noQ 


2: the, lengths of ia degree of .Jatityde, at the :equinaRQtials. at latitud 
508, eee e numbers 566 37, 57074, ay 57,352.3, there- 
Jore, 2.57.47 4 td 99 Pngſiſh feet, ſo 55637 to. | 052 4 Engi 
Jeet z and:ſò s Engliihnfeęt, Hence, 6052 Engliſh fect 


„ make a minufg off latitude near che: quingctial, Goon: latitude, 505 


And 6132 at che pee. But, from the inequality of the equatorial dia- 
meter and golar axis, A minute of longitude at the equinocdial is 6125 
Engliſh feet nearly; erat ey ae taking che ah part of theſe four 
numbers reſpattwely 6132 feet, Gg fects 6052. fect, 61 26 feet; gives 
31 A fcet for the diſtances of the logaline knots for, the polar regions; 

oo ate cet cor. ltitude near thetequinostial; and g. feet for longitude at 

the equinoctiatn f rom thefe nue, it appears, that conſiderable errors 
map be if ehre achνE, of the diſtanteſſaed, partly for want of the log- 


Une being duty proportioned, und partly for want of an half minute, r 


*plaſs! of het name, to nraſurei che nie accurately proportionedi to the 


nc. Not isnt any difference for urkty i whether the gluſs runs g: 


ſeconds or g fes th line be duly proportioned. i Hf fo, aid the 


Aknots are A1 Engl festeſgnder ) a to 305 ſo 4 to 0 which 


s a Mite Nfg that HEROIC itte mea ſures here deduced; and here. 
"Fore thought the Vetter Ty/uſe;/!as elſe tie ſmip might be near land Tootier 


than by the z coſtnd in her reckofing, The meafurement of a degree of 


Jatitude between London amd Tt By Mr. Richard Nerwood - in 163%, 
determined te lenꝑeh vf it 367190 Engliſh fert, this gives nearly 6120 
Angnih feet tb d nnutical mile, and tis I Noth purt of it 5 Engliſh feet 
for the diſtances of the knotsi onithe og dline.- Fhe! meaſures of a 
degree of Jafiradein'Franceamke thergiftance'5o % Engliſh feet.” Aud 
"if the medium of theſe numbers 5, 1 50, 8 . $07 $5 86; 50% j be 
taken; it Wilf be 50, 85 feet For the diftance between not and knot ön 
the log-line ; and as it muy de reafotii Stipected, that the error in 


Ie * 1 7 7. IP 43 bY . 47-44 $» n 4 1 De e ; 
meaſuring the ip“ way, cannot Rknethen the diſtance leſs than dne zu och 


part f the whote, it may beTohcluded <Hit 51 Engliſh feet is che mes- 
Jute bett ren rior and Tot, at map be ecpecdes ts Agrce with'obſeryi- 
tions made f the Iatitude and ngitüde of pfaces by the celeſtial bodies. 
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as keeping either in the arch 


ofa great eirele, or tile rhumb- line on 
} uch poſſiblie ; in itrawelling borland, afoot in 
every oo'feerof Aiſtaner is frequently wanted to be ſubttacted fromthe 
© meaſured diſtance to get th rectilinear Hiſtance; and in the'courſe'of a 


. " +:thip;/+thers arg many cauſes conſpirifig de turn her from the thumb- line 


© :in:which:hexendeavours to Hail z if this allowance be made, and adüed 


to the fort mentioned meaſure between not and knot on the log line, 


there will beg feet to be: allowed ſor all: places on the ocean, and then 
8: if: therdiſtance: between knot a or meaſureable by he!" 
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rivers,” that there is 2 . ocity of the water in the middle of 
3 


erte of e rw their 1 motion may be different in every part 
ion 10 "hich the 85 ip” afſeth an q eg the concluſions, concerning 
| them erfoncous alt Jed Gee from tri © ag rea compurarions, 

e accounts it: Will be e to conſtruct the oblervations made 
| 8 , after a geometrical way, as there will be ſcarce any thing to 
binder that method MN ſolution, and to take the problem naturally 
25 it ftands en the compoſſtibn arid refafution of forces, as herefrom 
every thing will naturally follow that depends on either equal or une 4 
motions. Aft. Let A Bos place 1 — which A” ſhip fails, 'NAB | el 
mae än failing alon Which bd ou I arrive at B in any given as, 


vpoſitis NAD the: 2 the drift ot the current, let "its 
be ſuch, that the thereby „ arrive at 
"he ing He time as otherwiſe it 9638 arriye at raw” the ines py 


ard AD under their reſpeQive angles, com Jkt the arallelogram ABCD 
And dra the di 1 2 AC and it will be the path of the ſhip and the 
_ Jiftafice fatled; this naturally arifes from a com a= By! of the two for; 
"ces. berefore, if che an Hud of the «ri 15 current are know 
and the veloeit in each, all the Wo are found; and the other 
5 * Tac: 1 2s the e lengthch 1 's Barring the diftatice Ay 


A TA EF 


fey 8 
* * * 
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A ads er ant: 24 ao tus Js ad aud hand. 
28 the current happens to be either with or againſt the ſhip's motion, 


the . 4 mne ip ) 
will ariſe from the ſame principles. 2d. In the caſe of an unequal E= 
locity of the current, whilſt he ſhips coutfe and rate of ſhilihg c nne 
the ſame; ſuppoſe for example the ſame as in the iſt caſe,” Aden knie | 
ſhip comes to C, the currents motion is ſuch, that the ip would be 

the parallelogram CFGH being compleated, and CH drawn, Hitt 


the place of the ſhip, which on a ſuppoſition of al pale ones by 
direction in the current; would have been at J. . If the'ſhip's cour! 
be altered at H to a direction HK and with the wind only the would be at = 
K whilſt by the current continuing the ſame ſhe would by it come'ta L, 
M will be the place of the ip, Which on the 1 ef an uniform 


3 


motion both of the ſhip and current wWoüld be O. So the path of he 


ſhip hath been ſuppoſed ACO; and if the direction of the ' Eurrent rg 


ſbould Happen to be different at A and M, ee error than MO 
may be oppoſed to have happened, and as thre is always ſome error in 
the courſe and diſtance failed, the latitude as well as the departure, may 
be ſuppuſed to have been affected thereby and erronebuuss. 
65. There can be no doubt concerning the utility of aſcertaini n che 
velocity and direction of currents at ſea, as they are perhaps more'ffe- 
quently met with in ſome ſmall degree, than is Tigined, it is reaſon- 
able to ſuppoſe, that between the tropics, à cuttent ſets from caſt «© welt, 
becauſe'a,ljttle nearer the poles, ſhips hape ſailed quicker from eaſt to 
weſt, than from wieſt to eaſt, with the ſafe ſtrength of wind. And i 
is a received opinion, that without the tropics, there is almoſt à general 
current toward the equinoctial, in choſe oceans which extend toward the 
poles; but near the lands they are not only changeable,” but ſometimes 
violent, and the beſt method of finding their effect is from experiments; 
nevertheleſs it would be of utility if navigators would be as accufare'as 
poſſible in obſerving them at ſea' and regiſtering the circumſtances at- 
tending them. In navigating toward the north polar regions, northward 
of Europe and Aſia, the currents are ſaid to run from E. by N. to W. 
by S.; this would deceiye the navigator much, were there a north call 
paſſage to China and India. At the north cape of Europe the #rting | 
is faid to be in almoſt the oppoſite direction. In the downs and in the 
Engliſn channel, there have been ſuppoſed not only currents but under- 
currents; and the like in the ſtraits, of Gibralter and the Mediterranean | 
ſea.” ” The ſound going into the Baltic fea, is affected with a remark- 
able current, both upper and under. The parts near Newfoundland 
have à current running weſtwardly in the ſpring and ſummer,” bi 
the contrary way in autumn. On the coaſt of Gaines wy OY 0 
Fre of 'Fenin, the current runs E. N. E. Between the ſouth: point ö 
Madagaſcar and the coaſt of Africa, the current runs ſouthward] 5 
but northward of the fame iſland, it runs north weſtwardly. On the 


cdaſt of Arabia they run ſfouthweſtwardly ; ' and weſtward of th 
Maldivia iſles, they run eaſtwardly to the Bay of Bengal. To the ea 
and nortti eaſt of the iſlands of Sumatra and Java, amongſt the Ez 
India Iflands and towards China and Ja rrer 
met with, Wich are fometimes violent, 


a and Japan, currents are frequent f ; 
Cue efore ſhould be'carefully _ 
£8 obſerved 0 
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d MER1DI AN ADTIPUDBS. „ 


ming of the arch, and there ir ig ferewed: falt;\ chen "ut 
fone diſtant object, 2 wite or: two off, the ſmall mirror H wi 
til the object makes one and the fame on the ä 
quickfilyered' part and there it is fixed. But if the grent mirror E 
not fand at righr angles to the plane of the inſtrument, — — 
ror H is firſt to be Sorrected thus q the diftance-of che hole uf K 
from the: plane of the inſtrument is to be meafured from 1 
rf eee laſs H, and'thete'a — 2. pro 6 
then that glaſt is to be broug abe forward . 
until, the reflected ſpot — fame hole cbine ide 
after which, iat the lame diſtance from the plans ef the inſtrume 855 | 
mark is to be made on the great mirnar: and then chat mirror” is'* 
thrown forwurd or back, until'by refleftion it keeps the ſame-/di 
on the little mirror, there che g. e ee 2 Fan! 
inſtrument is prepared for vat hn AH) wh RE A; nic 
67. When the Latitude of à place is to be 
ſhould be provided with a variation chart of the dk —— 
that part of the ocean in which: the” bo is, auc he wet 7 
method, determine the — — of his ay N 19, 15 or 20 dey 
thereby to know within „hen the fon Wer 
will be near the meridian, 'becauſe 2 ehe teſt -ultitude' is to" de 
taken Some time before'this, which” ſup 
hour, he ſhould bring down the fin's to touch/the horigen 
of the-ſta, and by a" motion of the hand make 2 image t 
16- the right and left; to be Certain _ ir no deception in che 
vation; * thus eontinuing to obſerve till the elevation — on 
de increaſing, the meridian altitude of the ſui's:[ower limb IHE n 
degrees and minutes: on tlie quadrant.'!Ithath-boen- objeted by — 
that near the equigoctial, where the ſun at noon is almoſtpe ewlar 
over them, the meridian” altitude cannot be! taken, but this'is not the 
cafe, hat it may be/dificult'is certain. Near the line, the — & 
aſcending: or de rl near the 8 rate of a 
minutes of time, of 4 of / A 4 ſeconds ti be: | 


fore in making che obſervation; if 'f nh * braaght do te the 
northward” or —— of of ur pale 88 ee R — 
brought tog ondous,' an chere wilb he bat 
4 Weende of Rin oh to es A "4 the the horizon'and examine ie 5s 
fartheſt from the/fufi's 1 28 wbilft the; quadrant'iv held truly perpet.- 
dicular; and withovr thisy a minute of etror! im the lattitudeh dt fen, 
will be baz arded. But, if he knows ar at yn the « the 
variation chart, and takes his poſition accordingly nearly 1 — und! ath, | 
| Ty either one obſervation either north or Sth, or one north and an- 
other pi until the neareſt jus the genith, the N 


os the 0 meth644ihs theridian Andes of the Watte or be bed | 
ſtars (caljed thoſe of the firſt magnitude) 3 be taken, but it ig feen 
the 9 of the'fea - is clear. enough for making ſuch an-obſervation. 
8. When the meridian altitude &f a' celeftiali body; Which is fur te- 
wor ee Eres ee 7 | 
| fraction 


' half 6r'a quarter r n 1 


4 w "2 7 
ep 2 Re. 
* 


 _ Of i REFRACTIONS. 18! ALTITUDE - 


&radion,comeſpopilive, to: that altitude. becauſe. all bodies at 2. greit 
Aiſtanee viewed through the air and vapours, appear more elevated than 
ea, are near he horizon the refraction is greateſt, in the ze- 
it is nathing; end jt vaties a little not only in different parts by 
Jand and fea; but at the ſame place from ſummer to winter; I here ſhould 
De three tables gef re fraction, ne ſuited o the equinoctial regions 
apethen to the widdle between the equinoctial and the poles, both fe 
ſummeg und winters and: a third fot the northern parts as far as Naviga- 
tion extends; hecauſe then the refraQtions might be taken gut of ſuch ta- 
e vi beſtties which, they ny be applied to good purpoſes in 
arminingi the true diſtances of the ſun and maon's centres, or centies 
ofthe moon, and ſtars in finding the Jon ng at ſea by the moon. The 
den tables f xefraction hitherto publi have. — wholly deficient 
«In ſhewipg:the mall incremental es by which the; refraQtion 
diminiſhes upward or increaſeth dewnward, very near to horizon, 2 
eee ſequence in erizontal obſervations; this de- 
2 Have endeavo to ſupply, from the moſt genuine obſeruen, 
Gate, of which may be ſeen amepgſt the tables. As the ſun's low! 
8 brought to the hoxieon, the height of that limb aboye 
horighn-of e ſea, nee by the refraction, and not the-ſun's 
| wy which is 16 minutes higher; the- 2 ae ſub- 
tract the refraQgon.from.the! obferved altitude of the ſun's lower limb 
and then ta add the ſums. ſemidiameter to get the true altitude of his 
center, ſuppofing, che obſervers eye, coincident with the ſurface of the 
eas but as theqeye may be- elevated above that ſurſace, from that 
„Fleustion, the rhorizon Which he Views, ri: beneath that Which be 
wouldſfotberuiſerſee, and. this: eauſeth the dip for Which allowance muſt 


: Female by: duberacting from the ohferyey wm whether of the Hal 


or she 3 inp 5 
£43 The effect | afirefragion giant i is had from aſtronomi- 


a * 5 3 the method of doing which, is ſhewn farther on; but, 


fon 4b&::dip of Horiaan, let A repreſent the place of an herben 

"ob urhage: of the. les,, his eye. coinciding With. the ſurface of the water 

„Ba hisapparent horizon; N the place of an obſerver when his eye is 

_ - above. the; ſurface oft the water, any number vf feet denoted by Ac, 

»aben, ings the tongent CD, it will be hie apparent horizon; and 

„making CE: 8 ee the angle DGE or AFD will be the dip of 

Hhoriaon, en be being the. earth's centre. In 

_ re or e the yr pr of the,carth. i is nearly known in feet; go 

nN AC nay Hewes, FC.iz knows in feet. By trigonometry, 

*F, to radius olle to ſeeant of angle CD equal to the angle CE 

the diꝑ of horiaon to the: altitude A0. 2 By: this werben the 0 for 
; the. dip-of: borixon in this work, was calculated. 

69. The latitude of a place (as hath been ſhewn | in article. 34 page 

31ſt) is the height of the elevated pole in the heavens, or, depreſſion of 

dhe depreſſed pole, from ther horizon of the place, and is always equal 

to ſhe arch of the mer diantintercepted between that part of the equatot 

which is on the meridian; and the zenith; therefore. if the zenith diſtance 

. of -the equator at the nn can be found, it is the n W 


l 4 * 


LY 


RULES!ron. TAI LATITUDE 


de altitude of the equator at the metidian, canibe-foun; it is the com. 


W oF latitude to go W tset A s * 82 babe 
ſemidiameter dick the ſun:meaſares in the eier ag | 
dn —— 2 — earth is but little more than 100. 1 and ther le 
ſemidiameter in our fummer time meaſures but a little more than a9. 4 
for. which. reaſon, if the ſun's ſemidiameter be at all times iſi : 
minutes, and the ſeconds omitted; there will be but an error of x — | 
ſemidiameter in ſummer and inter; which anſwers to but a quarter of 
2 nautical, mile, and in the ſpring and autumn there will de:nd error 
and therefore 106% is c allowed for: the: ſemidiameter of the fun; in the 
practiee of navigation There is another practice Which although 
— cotrect, ĩdtruduceth but little error, nencent hen the fun is nc 
to the horigong and then ib to be cdtrected by the true method 
when the altitude of: the: ſunis lover limb ĩs taken j the ſemidiameter ĩs 
firſt added. to that. altitude, alid the diprand:refraction me att the f 
time ſabtractedꝭ and this is. οpmonly thought 20-pradece-the-obſeried 
altitude of the ſun's oentro above the viſible thorizony whilithe:true - 
way is, when- the altitude of the lower: ſanbiisrexten, firſt : ca ſaber 
the dip andirefraction from the obſar ved altitude of the lower bimb, and 
then. co add the ſemidiametery- to get the true altitude of the centre, this 
is 2 little different from: the other methbd; Ferdnltawer, dete oba 


ſerved e ee the'ſunis/lower:linab.be 1 o>theidip, . 


to 1% O for winter at London 24. 32, a ee tec 
51a altitude off: the lower e horinb 
is 25 Jo hich ſubtracted Jeaves Oe u. "24; dee 
10 the ſemidiameten gives 07: 45/324 dhe trug altitude of the dem,, 
But taking — — — 36h alfred —— Joer linch 
it is of; a £ g is difference 
between evo a& is 007 1 _ Zau which — from 1 -oigives 
. 4. 2e theltrue altitude of "the ſun s centre, b4-this method N 
adding 16, to 1%; O gives 18. 16 whoſe refraction for intei. u Eenůum 
b aa J Which with»the dip makes 2% yo which! taken from 
1 1bzlexpes 0 ee by this method; hihi 0 30 more ti 
gi 0! dre, in gt atcades this - 
ef poll: Eb AN N ing ofs vue wood 
70 Having alcarec the Fan's Hab from, a of horizon 'refraRiorl 
and ſemidiamæter, the. g rules: are 20 be-:applied- inferring 
thevefram the tyue: latitude ot S 
ing the ſun's declination for each day in the - = computed for this 
noon of En day at either — nx/angj"thabifore; as | 
there. is a change of near 24” ofo declination — y. hem che fade 
near the. equator, whenever the ſun is out oFuhatimeri apropdry 
tional allowance muſtibe made for the change of. drei mation, b tg : 
a:the- whole 2 hours to the whole: dulky hang of declina tp 
the time of obſervation from noon, to the number' of mince and fs 
conds additive or ſubtuctive; us the declination 18 either inci | 
decrealingy» thus) ſuppoſe Mareh goth 7 —— am im longitude go x Ave 
of London, required the —— of . on that 
meridian? The ſun's dechination that day at N 555d: and 


the. 19 8 change of Mn In Je 10; the place of obſervation is 


| 3 a 


92 EXAMPLES Fox TRE - LATITUDE: * 


og therefore; a8 24%. to 23. 160 ſo ah to 1. Fh 
— 2 55 becauſe increaſing, LY ves 9e. 56% 50 1 . r — 
* of: the [ſun's] centre on that meiidian 55 
may be readily made by the table for that purpose. These 
mate; the latitudę is found: hy the trpe meridian alti- 


the latitude of the place bus [oh 29g, 


to — 
If the latitude and · declinatiom are both north or ſouth, their dif. 


the-latitudeis than, the declinationz hit of che ſame name when 
the:declination: is grra 
HO: the: hotidony L thei geniih, . Pi the cleva 


ei unt; R, B Od D. che ſun en the meridim; hen ZE 


— fer yo name; that is A is ſouthing pn {be nd⸗ 


— e _— 


— — 


8 ge Nang, 1 00 


ty ame _ om until the: decti: 


2 will not appear above 
ed to ZE chr lati. 


hs es 2d fr 6p — — .Suppoſe 


— © N. he deelinatial 9550 x! $:1their. ſum is 21% 4% 


eee to. 
ri& in mat latitiide“ le Nen N b) * „ BI 4? 2 * "Oy Nite : 


the zenhhehi 3 But when 70 ib 


„. Ihe ſawie rn ebe 7 
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 Fonverſant concerning the conſtrudtiab and N e been uf 


the centre of the ſphere, viewing thoſe arches of great circles in its ſur. 


Ace; Farther, ſuppoſing thole great circles of ſuch. indefinite extent, 
that, the carth's globe being ſituated ſame where near the centre of them, 
ibere is no n ee amongit thoſe circles, whatever part of 
the earth's ſurface they are viewed from; it follows, that whether ſphe- 
FHical triangles are formed from obſarvatiogs made of the, celeſtial bodies, 
above the viſible horizon, ſuppoſing the earth a perfect ſphere, or the 
true horizon, Which is a ſemidiameter of the earth below the viſible. one, 
the effect will. be ene and the ſame ; and therefore, che effect will be 
ifferept, if the earth's ſigure be not a perfect ſphere, but an oblate 
THe! t a8 it 18. fl tened toward the poles. 1 1 e 25 > jt 
9. In order to form an idea of the cauſe of this eee Prig 
8, be the north and: ſouth; poles: of the earthy, E 'the equinoctial, A a 
place on its ſurface, whole latitude is AE; through the point A with 
; the central diſtance LA dtaw the circle K AH] repreſenting the ſurface 
of a globe whoſe radius. is LA, and with. the radius AB: o8. 06s gran 


ſphere AGBJK.: Then will. the radii: LD, LB, LE, LE, LC be 
equal to each other; and conſe quentiy, if a circular plane Jay at con- 
tract with the point Agthe centres being coincident, the circumferences 
K ing” equal and every; where equidiſtant from each other, it will repre- 
ent thewiſiblehotizon bf the place A, and tangents to the ſphere AG 
H]JK; willamake equal curxilincar angles with the points BDCEF which 
are in its ſurface; but theſe curvilinear; angles will every where differ 
from other curvihnear angles made with theſe tangents. and points eithet 
below or above in the furtace of the ſphergid; and therefore, the borizon 
of the ſpheroid:is nut a plane, as it is commonly taken 10 be in aſtrons- 
mical computations Ihe like cone luſion will follow, if MA be drawn 


tie eifcle CIDBEE ſuppoſing it to coineide with the fur 


ataright angles to BC ſuppoſiug it a tangent to the. elliptic meridian 
r nd the radius with. Which, a very ſmall opt of. à circle 
coinciding with tbe meridian at the pawns 5 Tata be deſcribed; and at 
the fame: tima circular plane as EFBGDC: to lay at contact to that 


1 


EW 


| elliptic meridian. Then, if Z be the zenith over A, it will be 90". 
from it to the circumference EFBGDC. all round; but nen 
2 %% + 15-201. 48, VI Oea W ä 


2 
PETE. 


TS of a wenn 
% . . SY 
2 « * 
4 
6 g J 
7 
0 2 8 wh 8 
N 7 5 c wa 5 I” 1 5 8 
1 FO ; 5 1 | 
= > 6 vi = wag + 2 1 1 — ; f = ”.A& 1 hy 


= 


NF Sr. 


ez 


enen . r IE og 3 3 - of a FR + {| 


ina right line from A a*place on the f. 


* g. 1 N * 8 VP * 
* 2 5 - ; a LE - 8 n 7 
72 * 
7 7. 
* N. 
* * 
N To 0 


thoſe 5 . the ee will eu ſurface of che 
ſpheriod toward E the equinoctial. b ter diſtances than toward B 
1 pole j at qual diſtances fromthe Nenn eaſt and ueſt thereof the 
deſcents will be equal, but in oppoſite directions unequalꝭ anti therefore 
the viſible hörizon of ſuch a heroid,” as formed of 2 perfect f Raid, will 
not be a plain but curviligear.” In either the feckoning qr elne 
ment of thie lengths of the grees of datitude in We the poles, 
it hath been Already obſerved, that ey lengthen in fucceffive order, 
whereby the whole difference between the longeſt and ſnorteff öf them, 
is made to vaniſh by little at each hay. x 3 but with reſpect to this ho- 


mon, atfea, ſcarce a clear day happens, Aut*checnavigator ig liable ta 


be deceived thereby, to the amount of half the totäl error, in taking the 
ſun's altitude, 32 e time of its being in r Vertical.t6 the 
meridiafiy RE if that error, when Le into the f 
putation, uld amount to no more than 10 minutes af a. degree in 
Cal rt or enough e the beſt obleiverF in? . | 
ſettle the ids from 9982950 ons of the ſum S altitude taken dt or the 
meridian, and by ev the elapſed time; beemiſt id thüt method, an 
error in the ſun's altitude muſt produce zn error in-;thethour- angle or 
diſtance of ' the fun” from noon, 1 the exact cunforinity of this angle 
with the bther things in the problem, is what determines the" latitude 
on the principles. of the ſphere. If à body could be made to deſcend 
10 oidal "Earth; let r | 
to M. the angle LAM would be ſo ſmiall as nor to excite:a0 'miniutes, 
xecording to 85 beſt meaſurements of the earthr's iel diameter 
and polar ati. Wilt 1 a circular cu ar contatt to 
the ſpheroidal . EPOS repreſenting. its viſi 
hr; let tliere 75 ne m 
the prime vertical of cal 15 ye Wee Seeler Fs e 
the meridian; ical of el at be ht angles to eachother? and to 
5 chen if "AM be . 215 of Turvature 'before/mentiangfor 
ink A in che elliptie 8 Jack the crreular Curvatite im that dt 
Far, 8 5 415 low the pit gat E hut be raiſed" above it, to 
ward by 'koat 946 © by thep gin E that dip wil} be lefſching 
and continuing the fame way” 8 428 2 and CR poet to Bit will - 
be N in the prime As os ud Las Oe My ge Wed anſh 
to” / 


200 0 th'-the- te; from fouthi'e 2 
ne e reſt to e bi Jefs Ee, 4500 fron)! ſouth i to 


itch Re hes cauſes. the cufvilinear horizon, prodyceth; 1 
dip hich "muſt be bee for, to haye the ſame horizon at each point 
of the ſpheroid as would be formed at that point dy! the: radius of cut 
yature deſctibing the ſutface of a ſphere ; and as this rapnat be witk⸗ 
out allowing for the angie LAM at different latitudes, it muſt be known, 
This is the Ae eine inculcated in Page go, fp Ano or. 
2 is the following 8 4 09s pong of the": dirg 
grayi rom the centre o Earth, for eve greavaf? 
wiording to the'moſt approved meaſurement of We earth equina ; 
OM Fa ir aſs, e e e be 50) e 
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78 225. 30% and CP: 675. 30% and the deviation for | 50® latitude by 
table is 19%. 57. As radius: to coſine 67" 300 fo 10. 5 or 1145 to 

438" or 6 18". which added to 325. C gives 325. 6' for the altitude re: 
— * Had this altitude been taken in the fame latitude and the hears 
ing W. N. W. the oorredtion would have been fubluctive eee 
bur 3 19. 54, the odd ſeconds rejected in both, eaſess. | 

* Example 24, In latitude 24*. o' N. the ſun's altitude hen E, 8. F. 
400. ol; required che correction? As radius to eoſine 609. 30 fe 14%; 421 
or 852" to 2260" or 5. 26%, which. oddenlicolaet. 0 Bern wee 5 for * 
altitude re Ring: the-odd-ſeconds. {+45 brig | 

e za. Required the correction for:latitude.. 38, & 8: 1 ſan 


V. N. War Ane by the ſame method 325 10. Wäeh ing 8. S. W. 


bearing at the ſame place, would have been 317. 40, And thus mag 
other Corrections be readily made, and without them the error mult ipy 
evitably remain in the concluſion ſo lang as oomputationg are made on 
the principles of the ſphere; for when the ſun is obſerved either 1 in ot 
near the horizon, it is uſual to infer according to that doctriue. 

Example A th. In, latitude. 307. N, the ſun's lower limb tohchin g che 
viſible horizon at riſing E. S. E.; fequired the true altitude or 5 — 
of the ſun's centre, fo that it ſhall agree with all ſpherical: triangles? 
The horizontal refraction is 27, andun's>ſemidiameten 10 therefore 
the ſun's centre was 1 1“ under the viſible horizon. The true 'horizon 
js below the viſtble ſpheroidal one G. 300 by the preceding method, which 
taken from 11 . orig 30% the depreſion of the ſon's Se en we 
true horizon, which was required, 

Example gti. The ſame thiigs 23; before, but the N lower; limb 
a diameter above the viſible horizon; requized the/true altitude of the 
entre? The refraRion is 2% therefore the lower, limb was N aboye the 
viſible horigon, afid his centre 24 Above that horiapn;i; The the hori- 
zon was under the yiſible one G, Zo, | and\tharefore-the, ſ40/s-Centre was 
30«:30/ aboye the true horizon, hen his lower limp appeanad.ap whole 
diameter above the viſible horizon. el Hf £3329 DDE . 2 > Sa! 13: rr! Hie n 

Example th, The ſame things 28 the fan 

EAN. E.; required th carrection I 1 dale centre as before, as 4s 


above de viſible horizon. but the true horizon wasnabove it 6. 30% 


therefore chis from 40 gives 33' 33! the elevation; pf the centre; above 
che true horizon hie differs from the E. S. F. obſervation near-7 
minutes of altitude, in zus 5 which; the amplitae on bearing 
muſt have Changed proportionally gecerding to tbe latitude of the place 
and declination of the ſun. Hence; appr mo <pnſderable error 
may ariſe by ſettis g a clock ar; we teh by; oblexvation, of tho. 1 the 
viſlble/horizon- of the! ſea, at: — rifing: or ſettigg, alſo; —— the 


tion, without ſuch corrections z and: this ie one: principab: reaſon; ;why 
the moſt experienced navigators. make. the variation different by:an; am- 
plitude-in the morning and another in the evenings, and; wh her ob- 
Jervatians do not agree throughout the ſame days 21mm , be J % port. 
7 81. It often happens, that the obſerved. nearughe time 
Ne not ſetting, but When e RG: rom 18 to 15 or; 20 degrees, qr 

more, 


24.5 


whe Barer been by the commun 
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more, he kz gnetle bearing may be eafily taken by Medal roc 
and this! bein geen With“ le true horizontal bearing gires the u 
riation. In tis method, the ſun's true horttental bearing at the time 
of Sb fer vatiun is always feckoned either from the: true north or ſouth 
poine ofthe herizonz and iscabed his true azimuth from the north ot 
ſouth reſpeQively. Tho magnetic bearing or nuimuth is alfo' Counted 
from tie north dr ſouth: pdt? of the . compaſs! card. In an oblique 
ſphere, this method affords four uſd! caſes, whoſe reſolutions depend 
en the ſolution” of ſpherical triungles. For the ſolution of thele four 
caſes, let the elevated and depreſſed poles; nenith and nadir, equator 
and Parallels of feclination; horizon and all the other ſpherical triangles 
be asc in che preceding figure; and mereoverf let TU be the declination 
vf the ſun; and UW his 3 ſo 2 will de the colatitude, ZU the 
cvaltieads; and FU the polar Wiſtunce Rad by kubtracting che declina 
nion from qe henithe ee delten e e both north or ſouth; 
vther ce by 20 wn —_— 6 987 Fhen' is he angle OZ W chef true 
azimuth ar At the [ovine under the elevated pole. And by ate 
uele 31 No. 17 ihe: by mus angle may de found, ds in the ben 
examples; ani this beiße e 20 with: the magnetic dearing, gives 

the variation,” | © | 

* Exarn e aft, In latitüde gia 31 N. the: ſun's declination: bell 


2 26 N. and che obſery . ctüde 'of Kis centre cleared” from dip 


feimction and ſemidiamets? 50% 85 / whiive®:the true azimuth from 
ce n and alſo wing oe e eee 


dal horizon? 


eee Wis- ag he! obſerved tat 0 55 the-phler 
distance 6 


62/2344" thei? fam is 144%; 26“ aud half um 67% 49 and 

1 from the half um: Ives 11% 21: remainder. The co. 
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ing toward either polge' t ene hetjes nwigh,relpet.s 
mm the * or Known one. 1 iſt, in er orth rc 


bearing South>g nl n: weſtwerdly, this correcting is 

roms to thę a os 2 5 Fr el ay, e 
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gantrary ad, ig 3 ang De 
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75 the poſitigngat- the: volihle and, real-barigon,-4s before invebigateds 
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eaſily removed py n: forall Hag N bed en gilde o 
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method, the ſum of the ſides 1 
* 29% 2 28, The ſum of ae our gebs 19 896 


Bqt ecbrrecting . des-is"1 
half fum 508. _— and remainder 42 1 Theiſum — 
is 19 Why and half ſum 962733 whoſe coſine: arch 64% 56' 
12952 the'true/avimuth; when the botiaoerisor 
different from the uſual method. 49034 (34 THOR rnb wet: f 

5th; Suppoſe the F 10 = 

eme u before, but the ſun'smtitude clear of dip refraction and 
diameter to have been 19. Oh. che. os altitude to. which 1v-89%, o\:antithe 
bearing taken 50? Notth-eaſtwardly.”” + PhieripPiths? correRienforithe 
borizon is 12 additive to the o altitude which makes 80 . 2 94 4542110 
By the common 1 the ſides is 19% and d t 
Ne 'remainder 309% The ſum of ithe four - Logarigtims:is 
and half” ſuni 42755 note define dreh 2550 Uublech is 
Ya the azimuth fromthe: Nevth:bythe/common way... 4» dee 2 
Ring the horizdtt;) the Fain N the three ſides 1800 


But co 


half ſum 97% 10 and remainder ow 44% The ſum of the f — | 


mms is 19.9080 and half fam o whoſe cine Ha, 5 A 

doubled is 5 1“. 48" the true anmutf from the; Mertin eee 
Example 6th, The latitüde heing $4%(314 Netthiche: deblivation: 

28” South, and altitude of thequn's' — — dip, 
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mainder 299. 58'. The ſum of the four logarithms ig g οσο 
ſum 95876 vboſe double eofine arch; id. —— Cake 
ut obi the bvireng ale nſufndt 

44 — rp Saf. ej tr 


the ſides is 20 3. 31' and — 
ſuf ek due Für nd 


. obo e eee e F ſerie 
and the bearin "nearly 55% 
is $57, 0%, und the corrected 


Ache be e 


9 9481, 


— . — 


v4, 


xro RUB! Z ron Tu NAU UT. 


$9481 whoſe double ef e arch is 844 Fin che animoth b . 
_ But correcting the: horizon, the ſunr of the ſidesis-1 2 
aud ſum 965. 1 and remainder 298. 4. The ſum of « 
logarithwos:is:19.BgH1 and half ſum 9.1 2 able coſine 0 805 
$6 the true azimuth from the North- f Kön 
— comparing: the-agimuth fo after- che whual-method, or 
tat dy correction, it appears, chens will ſometimes bo a. diffes 
half ſemidiameter of the / ſun 100 great or: too lirtle, which, — — 
— — diameter fox the extemes ! and: thefore, - this; Sorrection 
oug e planes in caſes: har the longitude at fra is ought, hy the 
Saas: ein many, places of theigenns, there is more than 
that change of varistion · in half a degree oflengitude, or even 30 2 
wiles.of che equinqctial  ceuſequent) . e correction is. 0 
„ 
er page 1 * * gal onο . dit not ng to 
Achs ſuthect a8 I wiſhed, cecomracndedein article, 448, that the 
vis JImethoddhould:be fullawwad, puntibſema gther qpportunity, that no 
ill conlequences might follow fer wantttaf uſing all; the correction both 
fox ahn latitude und altitudr . Experienced: Ghſtruers of the variation at 
ſas aten; md half a degtec of difference dy two obſervations, ape b 
— other; byan A i⁰jUR l gadithis/is one prigęipal gau 
— eee 
navigator may gompute uſual method or ie the cht. 
2 aceording to. the. inwertanse he judges i it may be. of 3n.appljng 
Hi H bſenratian b tun e 
vii Bath the true aimuth and eng Ne azimuth: being un 
e ſmall circle as NESW: kr its 440 gdiameters at right angles to 
N nepreſentng/the- tree. North. point of the horizon Che 
centre; and CA the ame hegring of theafuns;whoſe.true aim! wi 


Gave time ſuppaſe NA., Ehen; having the magnetic azimuth, 
vation /m A. , on e rüclian, fet-it tawar N 
and df CÞ:it-ipthe magnetic or falſe North and South. , 
&quent Bris che varistioni which; whan B.falls between 
15 in, Met variatlen u barhahen it falls pepween. N. and, Fg 
Verintipn ;. E; e c meſtheſe caſes, >: ee bas 7% me 2i15 ATA TALL * 
Dee , When, he true and magnetic, az 88 
ain 4 0 j] αννẽ/‚νν i e gh ot, 5 hre 
cn Calan When, che rde and nens mura ; kind; 
— —— heir difſerenee vin dae e 


has $74 
RAB 


nee Art 


| 6:89 10306 ch f A1 
— moming, When the ue azimut Babel From thy North 
> ;the-yariation, bs Eaſt. r img fckoney 
from the South ig. leaſt, the variation.is Walk. vob ci 
<< Feathe gf nonn, where: the 5 Azimath- reckoned: from: th 

Norch ia gregteſt. — is Kaſſ. Aud when the mes wetie at- 
hom the Narth isdeafts theweriation.ie-welts.,,7 3 553i; 

a Nase gd hen be t. nd maguegie aaimiith - are cf different names, 

Abt in On 1 \ Nac D of what 
„ ng the forempntioned: dias tam. ſoy ſd ef + - 


tao on Example 
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- oo» at 
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 Reamph 1ſt, Suppoſe in pte mörning! thei tee azianath North-oalty 
wendy 865 4 30, and maghetie —_ Nerth-caſtwardly Kink Free 
diffetence 5 401 Baſt varis tion EPI Eo 2 
Example 2d,\ Suppoſe in ithe, ofdinibgs che: "gt netic: Azimuth = 
North-eaftwardly 184% 0 and the true Num nh eaſtward | 
12% 30% their difference 129. 10 Weſt yariation, oi ings 41 #4 of Bog | 
Example 30. Suppoſe in the morning, de magnetie azimuth bouths 
neſtyrandly 4% 56/; and the true eee ee eee 5? wy their 
ſum 10. 16 Weſt variation. een As 
Example 4th, . Suppoſe in eee the magnetic ein e ge 
veſtwatdly 1200. 30, and che true azimutm ene 205 
20% their Aicgerence 199% 10 Eaft variation £317.26 53s ft 
Example: 5th; Suppoſe in the aſtemoem, the ahve) Ae ee 
weltwirdly 5b. 40, and the magnetic aalmuth North«weſtwardly" 7o. 
48% their — 75 Welt variation q ͤ ee 
.. Example _ Suppoſe: in the afternoon, the true azimuth; South= 
weſtwardly 3 b. 14, and magnetic azimuth; r e 
their ſum 10 15 Eaſt varintiun 4c 5 9 14 . jy 
_ Beſides'a knowledge of the magnetie variation at ee inn 
yage, the navigator ſhould de able to determine, very nearly; the time 
of heady: or n whe at the ſhip; at all times and places where hehappe 
to be — Herefeomi: he will be able to judge of the moſbproper-times 
_—_ 2 the ſun and other celeſtial bodies. In this part, *he ſhowld- 
with ſome method of meaſuring out à day; as confiſting of 
0 N with its ſubdiviſions, to ſome exactneſs. The nc 
beſt adapted for this purpoſe to be uſed at ſea; are, iſt, The ſand; ſs, 
which may be made to run any length of time; and as it maybe ür 
at a ſmall expence, is not often liable to actidants and —— 
uſeleſs; ſnguid be improved as much as poſſible, and its uſe is Well 
known toith the mariner, or working ſeaman ; this is — 
nautical time keeper. 2d/ eg e e mould be in every thi 9 2-4 
great conſequence, for the uſe of bot navigator and mariner i 
though the violence of thè ſem may ſometimes diſturtꝭ ſueh æ machini,” it 
may (if properly made und applied) be of great-uſey/in'meaſuririg wntee> 
vals of time. 3d. The pocket watch, . after the uſual mati 
ner, clean and in good order, kept in the fob ot fide cket, to preſerve 
an equality of heat; and keep off damps and other obſtruQtions,'iwilfien- 
able him to make his obſervations with deſirenble certainty; H'emit here 
thoſe niter time · keeprs made by the moſt ingenious men: becauſs irfthe 
common practibe of navigation, it may not ſuit every perſon to de att 
expence which the workmanſhip'of them requires, and chey will ever 
de liable to aceidents. Ach; The ſolar day is the length of tine from 
the ſun's being on the nierididty of à plate: to Abe rector te the fernt 
meridian ; this interval is ſuppoſed to contain 24 hours . hdar being 
6 wimubes, and each minute 60 fe cαõ⁰Wds of: ſolat the kun = 
3th, Aſtrondmero from ob ſervations and com putzeions prove 
inequality in the length of this day, bur that e 
wender to. January, here” the greaveſt A CIT a 
minute of time per day, ſo ine medium tuuy be reckarith Af 2d 


Ann 


— 


rs Or TIME ar? SEA. 


of minute; dut from Auguſt to October; it varies about two-thirds 
aus much, the particulars of which are ſbewn by the table of equation of 
time. 6th, Hence it follows, that the ſun being viſible above the hori. 
ng but 12 hours at che equinoctial, ad from 25 to 18 or 20 houn at 
f *. other places of the habitable world there can be but little error in 
1 the ſolar hours equal, alſo the : ſolar minutes equal, for a ſmall 
8 day's and this prepares the way for ſetting. a time-keeper'to'the 
our 3 unute of the day, ſolar time, having the latitude of the place, 
the declination of the = and the altitude aft Ra m pe Horizon 

; of the ſea.” if ots ets FN i ATT CSC 5 r. | 
68. Iſt, In the tr gle PUZ, PZ is eds, BU: on oh 
Siftance, which when the declination and latitude are alike PU. is then 
Jeſs than go, but otherwiſe more than o. and ZU is the co- altitude. 
As PZ is an arch of the meridian; the angle ZPU i is the hour angle from 
noon, or ſun's diſtance from the meridian in degrees ces and minutes, 
Miel in the morning is to be ſubſtracted from 180. or 12 hours, be- 
. cauſe the day is commonly reckoned to vi 50 at midnight and counted 
on to noon, and then from noon to midnight; but for an afternoon ob» 

. ſervation it is only to be converted into time, allowing 15% to an. hour. . 

add, In computing this triangle, the two ſides PZ and FU arę to be 

| 


begun with to get the included hour angle ZP U, after the ſaine manner 
as the two ſides PZ and ZU were begun with for the azimuth; aſter 
Which the computation may be made after the uſual manner, or the hori- 


ron m⸗ be corrected, and enen wilt be:found, e z 


6. rf ; EIT OY TOE KVV 
. Fw iſtz In latitude + 51% 3 31 N. the dune ee beirig 25 
ſe: 7 the obſerved co- altitude clear of dip, refractivg: and, n 
3 diameter 300. 25 ; required the time from noon ? 
By the uſual method, the co-latitude. 18-38% 20% the poldr dete 
5667. 32% the half ſum 67. 4 and remainder-37% 18. The half ſum of 
the four logarithms'g. 996128, and its Saab . arch, «A 160 Nie 
Hour angle from: noon. Hows '; £43 2 (FT ER bs Wh 
correcting the horizon, the cen is 205. 48, the pole 
i 662. 325, the half ſum 672. 43 and remainder 379. 30, 
half ſum of the four logarithms is 9. 996112, . its double co. ie wk 
| ou 18“ the hour angle from noon.. 
"Example ad. The latitude and declination: as bolore, and the obſerve 
co-altivude 205. Ol; required the hour angle, from non? 
By the uſual method, the half ſum is 67? — and temainder 385. Py 
The half ſum of the four logarithms is 9.9984 34 and its double coſine 
arch '9%4.4' the hour angle from noon. But correcting the horizon, 
the half ſum of the ſides is 699. 1, and temainder 389. 10%, The half 
ſum of the four logarithms is 9.998488, ne its _— ovine eh 9 5 
the hour angle from noon. di | 
Example zd, The latitude and devlination 26 . ond the obſery- 
ed co: altitude clear of dip, eee and neee 28% «455 re- 
quired the hour angle from noon? 
By the uſual method, the half ſum is 66%. 52, and; rompinder 355 7. 
The * lum of the four „ 1s 9.998784, and its double _ 


Þ5 


= 11 N 224 


reh 85, 30 the hourangle: from 
half ſum is 668. J an ae 


gebe noon. 1 8105 HY, . CR (ry 105 ts en 
Example ee 8 25 7 «pita: 
od ptr wy cledr of dipy ceffaction and ſemidiameter 36 0 pc 
the hour angle from non 40 % 302, eee 
By che uſual method, the balf tu 
The half ſum of the dur logarithms-is 9.988488, and its double coſine 
atch 29%, 28 the hour angle from goon. But, correcting the horizon; 
the half ſuns of the ſules is 300. 33, and d-remainder os 246 {The half 
ſum of the four logarithms is. g. 985528, and {© dou ie cpline web 29% 
26/ the hour an noone 


from. s N 
Example gth, Pune ſame: Jatitude and Mops as "befor od, the 


obleryedſey- altitude elear of dipy refra&tion and emidiameter 895. © 
' quired. the hour angle from: noon? 8 


By the uſual method; the half ſum is 97. 0, Fand W Fc 0. 
Thy "half ſum; of the: four lo rithms. is 9.691404, and ies double coſine 
arch 124%. .B' chechou#favgle from, noon. |» But, cortecting tha horison, 
the half ſum is 99%: 10 and remainder 88, 4 behalf ne the faur 


logarithms is 6.69 2066, and its double oolne 50 421 LO 


an 1 MIO aach 6-29 . Inns The 0 (144; is ORIEL. 
bch, The latitude. 51, 34, N. 200 4 clination 2, 39S: 
vichpbl ved co altitude. clear, of dip, and, ſemidiamerer OE. 


requived the kour angle from ay het th 


Ey the uſua method che half ſum af ibe ſides Kana 28, and rn. 25 
and u 


2 | 


dew; 315 * 28ʃ. The half ſum of the faut Logarithms is 919633088 
double coſine arch 525 x8; the hour angle fr ages But, correQi 
the-horizon.z'thie half ſum of the fides: 451207 1 
4% The halßztum of: the four Lagarichms/is- 5 0 its g DIE 
toline archy54. 47% the hour 2 angle iran noon „ : 
Example yth, The latitude 51. 318. and eee TY 298. 1255 
co- altitude 'vieat'iof: dip; \refcaction and IF PAY Fequired 


% 


— ok ab A} en eee F A, 


By the ufdal metho- «the. half ſum of e 96. 4 ad be 
mainder 8%; 31/; The ng ſum of the faux 3 18.9-795016, wy 
its double coſine arch 1 8. 15 the bout angle fr m Dean, 
correing the — Duſt ui. he Des i 968.45 and:remaige 
der 88. 30. 'Fheihalf:(unwof'the ſout logarithms is ee aj 
Nr coſine arch-119%; 3% the hour angle from non. 
Seh, Phe Aätitude 5 | 7 31 4 Fand declination 2 48 N. 

3 obſerved co-altitude cents © ip, 1 9895 ene meter 1 75 
9 required the hour augle of 74 

By the uſual method; 27 5 half Rn 
der 9 ff. . eee ſum of e 
dou ble collte areh 58 hqurianglt from 1 
the horizon; the half re NY of the h ides RO 4s 
The half ſum of the four: ldgatiti a is 9: nie 
ch 117. the hour angle * RQAB.., 


in is 705. 30, and remainder 34 30, | 


; *h& horizon; In the direction of the meridian that radius .of;curyatute 


forms the horizon. By a South-e North · weſt horizontal direc- 
tion, the radius of curvature. withicorhs cache wil de South-ealtwardly; 


k 


Dons meaſured by:the watch; = But in this practice, it will be /requiſite 


and that part-of the meridian toward the equineRial; the time computed 


> Bo ae *4th, when tbe Mate bearing is Bcherthele god, 'the 
time votpputeg, after the /uſual - manner is too little, but otherwiſethat 


| 255 from hence it may be farther inferred, that e e the late 


tude of the place of obſervation, may be found by two altitudes of th 


5 1 i 


34 From * it e ee thdvioben the bearing of che 
"ſun was between tlie prime vertical or Eaſt and We azimuth eitele 


after the uſual method was too little, and allowing . of a degree to 


-of time it will be known, and comparing theſe ei — the an. 
ſwet by the uſual way, by the corrected ways der diere by 
gt toward or. 19 the e will be . 1 101097 ee e e 


\ 


4 fork! +: F461 . of So £ PLE. (40) $87 arte 7 1 vii 

1163 445 155 16— 18858 ple i the equator, | 

52 12d = "0 44 — 931 — 40 plus, toward the edustor. 
Ty . — 8.34 — 8.24— 40 plus, © toward the equator. 

7208 Ata 20 28 — 40% 20 —=/ S plus toward the equator- 
: Sth.—121. 8 —121.. .3—— 20 minus, toward the polr. 1 

995 Dc. 54.48 — 54. r 7 toward a e 

! : 8% IFN 47 nus, toward the pole. 

hs -, Sthe—117.: n Z 205 * totyard the pole. 


7 5 5 0 
" A IDS 1 r eq ” fi3 1711 te Ain VS. 


'HouF ang is too great as is maniſeſt qr nn 2 — which 
ele diſcobery was made, 


Cöcean | perſectiy free from agitation by its uaters, — ia no 


Where pe, 1 at the equinoctial and the holes; at other places 
oo radius of curvature with reſpect toiits length and poſition, will de- 


ſferibe the indefinitely ſmall wrchvof theiſurfate on the ſea which cauſeth 


will meet the equinoctial diameter on the ſame ſide of the centre as-is 
the latitude of be 9 In: an Eaſt and Weſt direction, that /nadits 
will. be at bright angles to the plane pf Tha meridian. In an horizontal 
direction North- eaſtwardly and South: weſtwardlyz that radius of ouna- 
ture within the eurth, will be out vf the» plane of he meridian, in 2 
South- weſtwardly direction; as bein ys right angles to the tangent which 


and therefore the ſpheroidal horizon is not d plant If it was a plane, 
the poſition of that radius would continue the ſame undes all directions, 
and be at right angles to all tlie radii: of that hoxia ion; but that it-doth 
not is evident from the unequal curyature under different, horizontal di. 
rections, and therefore it deſcribes a cone mithin the earth, and being 
. apward deſcribes another in the middle of l whoſe. baſe is the 
Tenni ll 1 uk ES ant 1 47 1 2 i Fong aides 2 
80. N provided 9 5 either a. -ſpring clock or a. watch which will 
-meiſilte out ſome part df à day accurately; the variation of the compaſs, 
the time which. che. watch is either before or after the ſun; and the latl- 


ſun taken the ſame day, and the interval of time between the obſervati- 
not only ta corre the horizonzv.aſzee; the method before e * 


— ———— or en oe TT Rue. FCC 
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| ts make allowance for he change: ef altitude by ebe courſk and Altec 


| failed in the interval between the obſervations, and then'thete-wilhbe:the: 


r : * & * 
E e ee 


following 


Caſe iſt. Wben the latitude aud declination are alike; ani the Her- 


vations art both before or both after noon on the ſame day, the bmi; 9 1 


often: continue during the interval to have almoſt the ſame declination, 


| and thetefore the mean polar diſtance between the two obſetvatidns may · 
be taken» for the true one, and the parts: of the diagram» will be thus. 


Let HEZ PO be the meridian of the place of obſervation, A the placa of 
the ſun at the time of the leaſt altitude and B the place at the greateſt; 
altitude, then is AZ the greateſt co · altitude, and BZ the leaſt c 


altitude, and AP or B the polar diſtance. And drawing the arch ot aa 
great circle through the points B and A, let DP be perpendicular there: 
on, ſo will the angles ADP and BDP be each 9e. Alſo the angles DAP? 

and DBP will be equal, and the ſides AP and BP will be equal. But / 


the angle APB will be the whole elapſed or interval of time, and the- 
angles APD and BPD will each be half the elapſed time. From which 


conſtruction; having AZ and B the two co-altitudes, and AP ar'BP 


the polar diſtance, the angles PZ A and PZ the two azimuth an 


1 the times of obſervation, alſo the two haur an les fr rom non A. 2. \ D : 


and BPZ; and the co- latitude PZ may be found thus. 


p % ? £ l 
1 x by ; 
be 4 11 


Suppoſe for example, 1ſt. the leaſt altitude 460. 55 then its co· altitude 


AZ is 43. 5 and the greateſt altitude 54*. 7“ then its cor altitude 8 
35% 59's and the elapſed time 1h 25/, the declination: 117. 17% N. and 
the latitude North; then, the polar diſtance AP or B is 789. 43. By 


ſpheries, as the fine of the angle BDP-.to\ ſine of BP, ſo fine àf angſe 


BT D to ſine of BD or AD. Therefore, the firſt of theſe. three term 
— gn fur of the two other fines. omitting radius, is the ſine 
BD or: 


of B AD; whoſe double ie AB. Having AB the angle APH and 
AP or BP, the angle ABP or BAP may be found, by the ratio of the 


ſines of the ſides to the fines of the oppoſite angles, but it may alſo be 
ſound thus; making the complement of the angle DAP a middle part, 


the ſine af it with radius, makes the tangent of DA together wich the 


co-tangent of AP; therefore the ſum of theſe two latter leſſened by ra- 
dius, is the coſine of the angle BAP. +Farthey, having the three ſides 


AB, AZ and BZ, the angle BAZ is found aſter the method uſed for an 
azimuth, which. angle taken from the angle BAP leaves the angle PAZ. 


Then, as caſine of half ſum: of AZ and AP, to coſine of half their dif- 
ference; ſo co tangent of half the angle PAZ, to tangent of half theſum 


of the angles AZP and APZ. And, as ſine of half ſum of AZ and A, to 


ſine of h f their difference; ſo co- tangent of half the angle PAZ, to tan - 4 
gent of half the difference of the angles AZP and AFZ. Which half difs © 


ference added to the half ſum, gives thegreater angle oppoſite to the greater 
ſide ; and ſubtracted therefrom leaves the lefler angle oppoſite to the leſſer 
ſide. By this method, the — PZ A is here 1355. 1 and the angle 
APZ ab. 21. * as ſine uf angle AP Z to ſine of AZ; or atherwile, 


as ſine of angle A ZP to ſine of: APF; ſo is fine of angle PA E to ſine tf 
PZ; the co- latitude. Henee, the latitude in the preſent ee 5 
angle 


30. The angle AB being 217, 27 take it from angle A 
A ANLS Ty \ ü 5 | 


% 
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Br. And, us fine-of BA to kine of ge BPZ; d of BÞ. | 


Caſe 2d. When the declination and laticude are unlike;! decade Ab 
and BY will 'be: greater than 909. their ſum will be more than 806. and 
therefors the fupplemental triangte to a ſemi- circle 8 Ah muſt be uſed 
inſtend of chr triangle APB; but in this caſe the angle 8A B or SBA 
will he foand, which taken from 180 degrees gives the angle PAB or 
PBAt At me ſume time, the ſum of the ſides h and NE being leſs 
than 1809. the angle BAZ will be found by its three ſides TR the! for 
ther caſe j and then the angle BA taken from the angle PRE cleaves 
the „fut or SAN; and then, if PA and A together: make leſa 
chan 1b. we angles AZP and AP Z, and ue nde PZ; will be found 26 
in the wort ade: But, if thoſe ſides together make more than 180 


the ſupplemental triangle ASN ' uted will give the angle SNA 
which is: —_— the angle AZE, the angle which is" equal:ta 
+ theangle APO, and theſe are ſup ts to e AP and ee 


„ e 32289 enn 
st $6; When the dectination n- and latitude are nike, and one ob- 
fervatid de before, the other after noon on the ſame day; the arch BA 
and che angle BA will each be found as in the firſt caſe; alſo the angle 
BAZ, which being taken from the angle BAP gives the: :angle PAZ, 
wich which and the reo ſides APH and: "AZ the jos ns: 
a ibe ound as before. 5} 
aſe qt, When the ee ee are unlike, 25 an: Fa 
kebbations is made before; the other after ndon; on the Lame day'y the 
fides AP and BP. will exceed: dos therefore the ſupplemental triangle 
As B muſt be uſed to find the angle SAB or SEA, which*taken from 
| your eaves the angle PAB or PBA. But the triangle BAE will have 
| le BAE found as in the former caſes, and this taken frem the 
angle PAB leaves the angle PAE or SAN, Then, if the ſum of AP 
and N21 be leſs than 180. the anꝑles and ret ired ſide are found 
as beo But, if th y togerher make more than 180. the ſup- 
plememal "angles, Ry 83 ee inge Sade, aner 0 
1 YE IS 5 4 2 l 159 ry | 
7 87. From theſe four Kaſos; it appears that: there is no ninbiguity 
| when the latitude and declination are alike and the two obſervations are 
_ made when the ſun is either on the ſame or on different ſicles of the:meri- 
dian. But, when the — and declination are unlike, there may 
de umbiguity, whether the ſun be on the ſame ot on different fides of 
—— at the two obſervations; in which latter caſes, the method 
Cs the "rg ICE ſide equiredzl is Oy en Of the . 
— 26; 6 latitude, one: Wehe de 0 Fand 
ther: co altitude 60. 18 the ſun on the ſame'fide of the meridian, the 
declination &?. '& and theelapſed time-2Þ:&/3' to find the time and azi- 
muth at the greateſt altitude, and the latitude The ſun being ere in 
the squator, — ee I — har the firft trian 9 
Prbresdin A gures of logarit the dzimuth an ie 1625. 
* hechne rom neon 5. 20 N55 latitude 6 TON > 


8 | 2 Eaanpl ; 
* - e a 


but the side SN. will be equal to PZ 


1 


ONE TEME ME BES 


Lend wh $5's dhe other altitude 5%. 74 one time of obſeryat 


aten 
per watch kob 4, the other 1 58. 29. and the lan on the ame fide of h 
meridian; the time from αοο at the fiſt obſervacipn | will come out Ik 

\ 57.24%, theazimitth at that abſeru ation 1335. 4% and, the. latituds 48 © 
30, as appears by a ſprcimen, thewiegaheauetbod al dul as tbe gage 1 
jatian which is annexed . 9115 nn 1E 2 eninzir. 18 N An 92 ae 8 8 5 
Inn the galeulation of this example It. One of che tro. bey ad ale. 

tudes of the ſun's centre, a8 fuppoledly cleared: com. dig of horizon, er * 

fraction, the ſpheroidal horizon and ſemidiameter, is ſot down; and u 

der it the other altitude, which is cleared in the ſame manner, alſaths 


paſſible for the mean time between the two gb- 


declinidtion as thearly ng: 


ſervatians for:the meridian of London; from mhich aria. N : 


altitude of this laſt obſervation called G. snd the polar 
ſubtracting the declination from, or adding it ta 907. — titud 
and declindtion happen to be-either:alike or unlike. ad. After the 


written altitude write its Co- altitude and cull it L. under which write Pat 


and get the half ſum of P-and L which call 8, and. their half difference 
which call D. zd. Write down the two times of obſervation, a8 they 


have been obſerved; by the time · Keeper keeping mean. ſolar, time, and 


taking their difference,: when both, abſervations hate been on che ſame 


ſude of the meridian, turn it into degrees, . 4.5% to ag hour 
of time. Call this T and half thereof Add 


the 
log · ſines of T and P, and cancelling a is logari- 


thm fine, and call its _ 4A, and — double of this arch A. sth. Add 
together the tangent of J I and co- tangent of P and cancelling oy 
ca 


the index find this logarithm in log ſines and taking its coſine are 


B. th. Add together A, L and G. and having taken their half ſum, ſub 


tract G from that half ſum and get the remainder. Thon add together the 


co. ar. of A, the co. ar; of L, the fine of the half ſum, ans the fine of the 
remainder, and taki half that ſum, ſind it in ines, take the correſpandent 


caſine arch which call iᷣͥ C, and its double C. Then write B aud C under 


each eben and exking thiinedifiorgnce-call i d and Mais e bo. | 
Next write the co · t of 4 F and the coſine of D under each other, 
found the 22 255 


and from their ſum che coſine of $, and havin 
in tangents, call its arch K. Then write C and E over each other, and 


adding them together call their ſum H the azimuth; when the polar diſt. 5 


ance exceeds the co- altitude, but their diſſerenee call I. the hour angle 
from noons ſhort of noon for the morning but paſt noon for the afternoon 
obſerration. th. Add together the ſines of E and L, and from their 
hm habe ines} nd the remainder in fine A the onſing of | 

tu i 

88. From the e ond; computation in atis celle 

eaſy blank formula ariſeth, which:may be filled-up ——1 with Ae 
tions belonging to the iſt of the four caſes, hut wirh thoſe. of. the. thres 


jak eaſes, due regard being had to the double. polar diſtanee,. whether 3 


be more or leſs than x80*;.and:to the ather circumſtances — 7 
as hath been before explained. e is "s E 
be N as the precepts direct. . 


1 | 


{ If the: latitude be; Merch and, declination Az N. 8 0 


CHE 


| Or TFME ATV S E A. 
9. If the Slag d time ſhould be either more or leſs thay dg home, 
and che ſun's declination be conſiderably altered In that — Die 
Son by this method, will be as accurately had as if the declination had 
ecntinued the ſame ; but then the triangle APB or A8 BE muſt be con. 
ſdered as an oblique angled triangle having its two ſides and included 
 aniple given to find AB the oppolite/ fide} And then either of the four 
caſes before mentioned which ſuits with the problem, muſt be applied 
anid/the ſolutien will be had as in the caſes of an iſucelous triangle; this 
i — eee — in ſuch caſes, the interval muſt be 
Se will bs wee e #1 el 5 l 5 e e OT 
90. In all the precedin s, it hath been ſuppoſed that the ſhip at 
fave obſerver artery — Avay changed his ſituation or place ding 
the time between the obſervation but; at ſeng this is eontrary*to'the 
uſual prafiicey and therefute a method of allowing for that change! of 
| cee be applied bythe navigator when be practiſeth theſe prob- 
ems! It may ſeeim at firſt difficult: to thin how. proper allowance ſor 
the'thange' of the place of the;ſhip is to be made, but a little conſider- 
ation concerning the ſphere and the principles: of navigation will ob- 
viate cheſe difficulties. rſt» Having made the two obſervations, meaſured: 
the elapſed time, and taken the bearing oi the ſun at each of the times; 
raw d circle as NESW repreſenting the true horizon: with its ſour 
prineipal points, and ſuppoſing C the centre the place where the firſt 
aktitude was taken, let A or B be the place here the ſecond altituſe was 
taken, according to the ſcourſe which hath/ been fteered; and CA or CB: 
the diſtance ſaiſed. Then whatever bearingithe ſun had when the ſhip 
vas at E it makes no difference,” but all that is to be eonſidered is the 
bearing of the ſun, when the ſhip is at Ar B, ſuppoſing C the point 
| whict is to be made the ſtation from which the Jazitude is to be inferted, 
and Mkewiſe the time for both obſervations! In this are ſeveral caſes. 
Cafe rſt, is when the ſhip coming to A finds the ſun beating in the di- 
ection AD; in which, the obſerved altitude at A muſt be „Re by 
EA the diſtanee failed; allowing a nautical mile of diſtance in the line 
O to a minute of altitude Caſe 2d; is hen the ſhip hath failed from 
te B, andi being at B the ſun bears in the direction BD; here the 
diſtance CB in mites is additive to the obſerved altitude at B. Caſe zd, 
is When the ſhip Having ſailed from C to For G any diſtance, finds the 
dearing either from E or Gg either in the direction CD, or any other, 
at both places alike, there being no parallax on account of the ſmall 
diſtanee CF or CG, in whieh caſe nothing is additive. nor. ſubductivr. 
Caſe th, is when the Hip hath ſailed under an oblique courſe, partly 
toward the ſun, as from C to N, in which caſe, make NH perpendicu - 
lar to DC and CH is /#bdafive from the altitude taken at N. Caſe 5th, 
zs when ſuch an oblique courſe hath been, partly from the ſun, as from 
C to 85 iu which caſe make S perpendicular to CB, and C is addi- 
tive to the altitude taken at 8. All which zcaſes naturally ariſe from 
the almoſt ſphericalſorm vf the earth, andi the raiſing or depreſſing of 
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391. Being ovided with and able te adjuſt a time-keeper at 
ſea, the navigator may apply it in the ſolutſon of many important pro- 
plems, fot taking the d: kale,” which are leſs difficult than, the me- 
thod by! ee r en time; ſome of Which are as 
follows $13 b roy ST AT eres bY writs . NI irt 

iſt, Having the obſerved length of the day and he day of the month, 
the latitude bf the plate will be found thus. Let HEZ HO be the 
meridian 4s before deſerihed, HO the horizon, ZN the prime vertical or ä 
Eaſt and) Meſt au imuth cirele, P the fix clock hour eirele, AB ;n 
parallel, of the ſun'b deel inatioh, and the other parts! depending on theſe 
a8 before deſeribed in article 34. ; then, the real ſemi-diurnzi ate or habf 
length of the day is GA. but this is expreſſed by: BE, alſo F is expreſied 
by OE, and GF, by BC the aſcenſional difference pr. time of-ſun, fiſing 
and e ere of clock; Suppoſe ſor examples the length of the 


e 1 T UM E AT EA. 419 


obſerved June zoth, by 4 good watch »x6 beurs , gequired the lati- 
tudes lere BE is g hpurs; O and taking CE 6-hours-0' therefrom gives 
BC'z Hours o or 30 of, RG he declination being 237. 28%; And ma- 
ing BS 305. o/ middle, its fine with radius zimRes the tungent g BG 
23. 28! wich the tangent ofthe angle OC 409, 2 che latitude, Which 
was required. Another example. Suppoſe the length of the day 16 hours 
30 and declinatiom 235. 28 j required: the latitude? The fine of BO 35 
45, with radius; makes the tangent of BG. 28 with the tangentiaf | 
5 ob the latitude. From which two examples, it max he obſeryed, thas 
witk this ame: decli nation a difference of nrat 30. in the latitude,” will 
produces difference of balfan hour in the length of the day; and 
latitude halffa minute in the lengthof the d /.. confer 
2d. Having the length of the day e eee ee, 
ſetting, theiſun's deelination and the obſerved latitude of the place tu deb 
termine the eſfect oi the horizontal refraction and of the ſphereidal hori- 
20n, as rompounded togetlien.; Suppoſe thei obſerved latitudei54?, 31 N. 
and the obſerved length of the day 16 hours 20 theſun's declinatiom being 
271 28 N. Then making BC middle, the tangent of g , 31 with the tan- 
ou of 2 3: 28/, and thisJefſencd by radius, gives the fine of 33%; 6&:-which 
oubled in time is 4 hours 24. 48” and added to 12 hours makes h] u 
24:38", therefore-4{. 48%of dime is, what the whole day is lengthened, 
and 21. 24% of time or e fon the areh of aſcenſional differences BG 
which the ſum is naectlerated in the morning and retarded in the evening, 
by ſuch an obſervation. Thus may the horizontal refraction only, be 
eaſily determined in any latitude, if the obſervation be made nearly Eaſt 
and Welt ; and if it be made under any other direction, the allowance 
to be made fon the horizon, ath been before delivered. 
zd. Having the declination of the ſun correct, and the latitude ſomey 


what near the truth, to nd when the fun will be nearly in the prime 


vertical or Eaſt and Weſt azimuth circle Suppoſe for example the lati- 
tude: 549,914 N. and declination 23. 28 N. In the triangle CD], 
making C middle, its fine-withiradius ; makes the tangent of:DJ 23?. 
28'\with pe e. . the angle DCI the latitude 519. 31 fHende 
C]:i8:20%/-1 / or 1 our 20%) r 7 hours 20,4% in che morning, 
but 4 hours 39'. 16“ afternoon This problems: Very :uſeful ay 
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| ated places within the tropics, nnn | 


the equinoctial; whers the fun apparently keeps. near the Eaſt or Wer 
in aſcending, and ideſcending, lor a conkiderable time; and therefore 
ſeyveral obfervations may be made without much error either from the 
horizon or change of azimuth, and the medium will be the Tone en 
0 to be compa ated for determining the variation 
5 Haring fame-thitiesgiven'as in the former problein,, to find 
_ Altitude the ſun will have, when in tlie prime vertical? Here CD 
4s the altitude, and makivg JD 23 28> middle, its fine! together with 
radius; makes the fins: of the angle DC} the latitude: ; i 
int of CD the altitude. Hence the altitude is 305 2. 55 this pro. 
vlemg having the day of the month and tlie latitude 4 t near the 
truth, the e neh the ſun will -have:wheti near the prime verti- 
8 det Ne de known, and therefore by obſerving for the azimuth when 
: bore hat altifude — the avimuth-will be the more correct Tor 
the reuſbns before gwen. Mpredvers in the prime vertical the: fun 
ehangeth-in- altitude faſteſt; and therefore if the elapſed time be ftôm 
the time the ſum is near the prime vertical Eaſt to that of being fieary 
Weſt. ie” will alſo. determi ine the latitude: muſt ic orveRly by that 


5 r 9 fa 10h TIE 2% 5 1 


j 5 e 9 
pete ae ſome of the bel which 2 pure RS e ie 
affords'to the itipenioiis. hon navigator for determining bis latitude 

ly, the only thing Which can betalen to one, tuo orithreeaniles, 
If at any time his reckonin ny" becomes ertonedus and uncertain, :* But for 
de löngieude of the ſhip when that becoies erroneous: through im- 
proper allowance for variation, ere „currents, and many other acci- 
Meents, the doctrine of the f here and rent mutions in the beavens, 
| hive!denied: the moſt exact obſerver y ſuch foundation) 10. infer ths 
Jongitude from by! obſervation only, on'1which/ aotountithe navigator is 
under the neceflity of Gary ry ve Jagind ef His voyage as exactly us he 
potlibly can; and therein deducing the longitude from one day to another, 
which/if' happen to de wrong will deceive him, and thereby either 
mers yy or em, au rerege, and "RO beg n him en 
accidehts.” 
by _ The j cumin} of « lp atiſea,- 1 8 hook 'of no: little conſequene 
with the ax ator, as being that: which contains am account of the 
la ttudes and e of all the places, whete the ſhip hath been at 
nb n from dhe day to another, throughout the whole voyage; with an 
tx account” of 2 winds, weather and other accidents, as they have 
happened, and in their enact order of time. iſt, The manner of keeping 
ſu h a journal hach been varied in —— by different navi- 
gators; according to their reſpective Judgments and fancies, but in the 
efſential things they have all agreed, and that the journal ou _ to ſhew 
the latitude and longitude each day according-to the reckoning and its 
edtrections, although ſome have been for particularizing the. rly.or 
-two boutly tranſactions. 24. In keeping fuch a journal, it is cuſtomary, 
though not abſolutely neceflary, to expreſs thedeven dayy of the work 
ren fern: ed * theſe uſually . the NG: 1 2 er 
aſtronomers, eras -navigators they mean thusy 1 
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with the 


— 
1 r URN GS REN SIS TR TER 


e Yoon kts ir SEA. 
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pA Bo ' N 75 8 12440 30127 37 1 
D bs ö N ; Bic 22 ; 
2 33299 atur Ln 8 Z 3 ri 
che 1 1 25 097.5 a | 27 fr 1 A — 
jourhal 10 ahn hi moſt ved-of,. Ne, 
yi. bh 8 f. qc 2 "third che. knots and. faths «dich, | 
| if . by Ne ſhews the 2 the ifth; the. bs 
init 10 tz as hae fs | Dodge „ 
S Variation of „ „ Ob 
{a auth. Ach At K 


ach. Fecht columns ck Loghagon cnet 
lars in her 9 91 5 From tp . lays work; the firſt Sontaining me 
0 gr that ies the gan, che fliſtance failed, 
at 5 K. ge third, e. git 


ge of latitude:;: fourth, che den: 
lies 15 to, itt e by the 1 an ob- 
he 0 


Ny, 15 — 43 5 Fea it can be had; fifth the} 
b 5 made that day; xth, che longizade came i 
2 AY Yr me 2 5 „Meridian ſeventh the bearings 

Ky eighth the, he place Tow. Which the e was taketter| 

wk Ale bc bs e e it. The e ta e | 

Of J an;accqunt of ME cures 43 
MF 0 Cc 50 g, che d variation of the eee the 2 
eines any wks ths dee | ſuch;other remarks and fer, 

vations as 9 5 t * the day and night ee „ 

ing carhully entered jnto the journa e als eo we be cor 

by clearing them rom: 9 1 . 177 7 5 

deen hogs, wn in this 

taint Way of . 


; * 


ed from way. 5 pgs ee 4 


1 Ree Ay Soy rr bran, ache 
the. e mart d 
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and diſtarices/ duting 24 Hours,” 8 "which, 


be found thus- 


tangent of the & arſe 61“. 20. And, as: ine of the 


: ah ; h i ü "& 


the is . a 3 ee N contr 
thoſe herein befoteſhewh, will ſhew1 be courſe ang 
from the place 6f the hip to het 1 port. Many of fach problems 
have been hitherto omitted i in! this work, becauſe they cannot be depend- 
en on wWithsux being able to take the 16ngitude at 2 to"fome degree of 
exadtneſu, aſter that-is ſnewn, the courſe aid diſfance to'a Known port 
or place m/ be es ſily determined put withpur that, the Bodo and moſt. 


f dertuin Way is the practice of aralle]” ſailin . whereby 


certainly arrive” at ſome tnown place. "5th. Fo the the fiſts J 
work in the Feng which is the day tie ſhip takey her departure Tec 
the land, the bearing of the land from which the — 5 is taken 

muſt de Dbſetved, with its diſtance by eſtimation. and theſe carefully 


written in ehe journal, with ſuch othet particulars As 1 thereto. 


sth. Wben :quri»g ay part of 24 houts the ſhip Hath keßt one con- 
ftant courſe; the Whole difference of latitdde and: "departure for that 
courſe and diſtaneęe- muſt be Found,” ufd the like for all the courſes 
the latitude and long 25 
dome to, at che end of sach 24 Hours; muſt be found . the method 
before tully "explained, and theſe” cbncluſi ions inſertedl in the proper 
columns of che seurnal. -gth:* As the Aſt day's work. "BO been com- 
itedꝭ ſo muſt the ſecond, ng, and every day's work be until the ſhip | 
ath proceeded through a: conſiderable part 885 her voyage; when, as 


| | hath been Before noted, the longitude u Well as the latitude "or the {hi 
will be known Lomeu hat neur tlie truth b 8 the reckoning, aid the nil. 


tude and the longitude of the polt to be ſailed to will be known 5, l 
the charts e N and then, dhe « courſe 41d Uiſtancet ic be failed, will 
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ie faceuley' Ind Ln itodes &f Si places abs, 16 16 ind the 


rs and diſtaneeito be ſui ſeiled from one place to anothet ? 


This problem, hath four caſes, tlie dehnitions to Which are 5 in article 


6 namely, iſt, The latitudes may be alike, in 


ich caſe the difference is their diſterende of latitude.” 24. When the 
latitudes are unlike, their ſum is the difference of atitude. za, „When 
the longitudes are alike, their difference istthe difference oh ngitude. 
4th, When the longſtudes are unlike, the firm K their difference of 
longitude.” The operation is the changi e order of. the pro · 
portionality uſed eicher in |Mercator's or Wright's failing,” 

Example. iſt. Required the courſe and diffance to be failed from. the 


Lizard point in Corniyal to the Eaſt end of the iſland: Jamaica, ſup- | 


Griz. the courſe one and the ſame thro h the whole voyage? 
e The Lizard's latitude is 49 05 8955 


42 85 7 N. and long . * 16! 
W.; Jamaicz's latitude 17. 57% N. and ſongitude 76“, & W. their 
4 iſfererice 6 'of jatitude 329. O or ng miles, 190 their difference " lon- 


50! or 42 50 minutes. Then, by middle latitude 0 . 


eo) ic of riddle latitude; IP. 574. "Bis the difference of 


tude 50 minutes; to 3608 miles 
88882 Taten 8 5 to departure. 2668 ne 3 


rue difference N N N * N to 4c 


vv $64 122 r 992 5 8 21199 AA nn i 


* * 
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iſtance to be ſailed, © But by We aol "wilt he. mis; f, 
Neidio parts to the two latitu | are 1995 34 N | an " their dif: 7 
4 


erence. 2 is the meridional d nce of latitu As 2 
to 4250" he irs erence 'of longitude, 10 i is Da Hi 179 0 45 - 
z8/ the true courſe to be ſteered,” And, As 1 of "the c 00 4 
to true difference of latitude 1926 miles; ſo is radius A e ral 95 
true diſtance to de failed, 70 miles leſs than by middſe lafitu de. l 
Example 2d. Req uited the coir ad diſtance to be files from Ou : 
Good Hope | to'the ai St. Helena? 705 
Solution. By middle lalitude; the cs pe's latitude" 35535 18. 
longitude 182. 23, E. the Hand 's latitude i is 1 59. 1 8.2 an on 5 's 
ig” their” difference of latitude is 1081 miles, their differ Fence of 
K etolk 24% 1% of 1452 minutes; and the middle Tarifude 38 75 LL 
Then, by middle” Hains failing, 48 fadius' to coline . 0 10515 5 1452 
to 1217 Niles" the departure. As 1081 to 1317; sch rad! ju tangent a 
of 50®; 37 the courſe. And, as ſite 50“. 3) to 1317 miles; bo ike: go? 
to 1704 3 les the . But, by Wright's ſailing, the N 
parts are 2167 and 907, hence 1200 the meridional ifereiice 0 of: 1 
tude. As 1081 to 1200 ſo radius to tangent of wies os 
And, as radius to” 1081 miles; 5 fo Tecant 46” 4:4 6 2 05 mile the Fi 
ance to be failed. © Wy oY yy 5 ip” is 4444 
© Example zd. Required: the courſe dad Since to be* ſailed from Mg | 
Lizard to'the Straits of Magellan in oneand the fame continued courſe? 
Solution. The 'Lizard's ſatitude is 49% 57 N . and” longitude” 
W.; the Srraſts of Magellan latitude. 325 21 '$? and longituge 15 9 
W. henes; tke true difference of latitude is 162“. 27 or 6142. mile f 
and the middle latitude $19.37" Tue diene of Jongitade | is FR 
445 or 3764 mitts." By middle latitude failing, 48 9 to coſine 
113 ſo 354400 #560" miles the departure.” As 6142 360% ln f 
5 1 1 the courſe. As coline of 21%, 1 9 8 1423; ſo 5 
6570 miles the diſtance to be ſailed: But, dy rights 85 
R onal parts'are 3. 470 and 3706, and the meridional differen 
of latitude. 7178. As 1176. to 6142; ſo radius to tangent of 40 | 
the courſe. And, a8 radius to ſecanc of 40's 1 1 fo OI4z. to 8982 als 
the diſtance to'be iel. 
ea, Ain, Bequited-che ubutſe ee ce Cape Ga 
Hope to the iſland of Sal, one of the Cape EP lle? TR, 
Solution! The cape's- latitude is [ER 568 und lon itude 189 133, E, 
Sal' — 16. 55 N. and Tongitude 212. 4% W. elr difference” of . 
latitude is 50. 5 H or 3051 miles, and difference of Tohgitude 4% 23 % 
2303 minutes; the mſddſe latitude is 25% 25' and meridional” difference 5 
of latitude 310% By mgale latitude failing, as radius tocolme 2 25% 253 
ſo 240g to 2170 miles the departure. As, De Hier 185 'To radius to 
tangent 359. 25, the 'courſe, And, as-coline'3 EY "fo fine - 
255 to 3744 miles the diſtance to be failed. I 'By t, 
| wh 197 9 2405; o radius to tangent t“. 56 / the courfe. And, 
| 1d - $6' to zog ſo ſine go? to 3817 miles the diſtance. * 
In the ſame manner as theſe examples are ſolved, ſo may l 
** the courſe and diftance to be failed, when both tit es 
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Jongitudes are giyen ,; due re Nie to the taki 
po Bow ay yt 1 we ned, 3 Get that t ee = 
is every where in the which the ſhi ail, ar. one and 8 4 
oiding. to ff principles of Wright's ſaili that wherever 
oe I N i t e the true mumb-line eee the place => | 
the ſhip 3 is: al ailing toward, and . that from which ſhe: hath. come, unden 
courſe, wol a 8511 their bearings oppoſite. to 255 other, on Lin com- 
Won 9. u pofing it without ariafion,, And this ſeems to have been 
ſon, why the practice of inſerting the bearing of the place failed 
from. w as ſirſt 'nfroduged; wank is wy u ed; but. there. 1 is one very ma- 
erial objection againſſ it, nam ay; z there are; many voyages, which, the 
extent and ef of f the 1 lands and ſeas; will not pexmit to bo 3 per- 
med by pn nay courſe; and therefore, in- duch caſes, the ſbip will 
babe need of ſeveral. places to reckon, her bearings and diſtances from, 
ome. of Which way not have been ſeen, and ſuch may have been 
e Judg dged of for br od * being ably. to take ee * 
1 wn fl 50 
n 4 ſhi D vo hat. 5 ber to fail into 21 
Fr We der a 4 xopage gh is near the midgle of the ow 3 
E, "NW V, SE or S W, the rbumb-Jine yraced out dy the thip, 
Spee ee ery dj nt from the arch of a great circle joining any two 
Aces. in the tract of the ſbjp, This naturally follows from the near 
ſeach of the. meridians t each other in thoſe polat regions, and makes 
e rhumb-line longer than the Aiſtance in the arch ofa great cirele. 
s 2 dba to this, filing by the arch, of a great irgle is ſometimes 
attempted, not oniy near the poles, but in greater dilkangn. BY TROY 
from the 7. and it hath t cle following eaſes , 411) | 
'; Caſe 1 PESQ be a meridian, P and g the 1 05 lend EQ 
5 e [eng if the courſe, de North or $auth, .it-s. in the 
150 a grrat . 88 2d. If it be along the equip it is in 


a great circle. Caſe, gd. If it be ina parallel * — 5 — 
21 is B; draw the we: of a 0 1 1 through: A and B, 
the trian le P PAB 18 iloſcelous, AP and BP is the g- atitude, the angle 
APB is the difference of longitude, jos. is the diſtancę in the arch of a 
reat circle, the angles PAB and PB A are equal becauſe they Are oppor 
* ante and wart 15 the perpendicular PC on the mid- 
e of the great circle arch AB, C js the neareſt approarh in that arch ta 
the pales P, and the courſe there-i is Eaſt or Weſt. Caſe 4th. Let A and 
| two places, then are AP and DP 8 co-Jatituder, and 
e 2 . is their difference of Tü Caſe th. Let A and 
two places, then are Af and FP their ta . g ag 


the angle APF is their difference oſ I Tue two. firſt of theſs 


caſes are the ſame in circle. as in ts failing; the three latter 
have the diſtance n or AF N by article 31. No. 11. alſa 
the angles PAB or PBA, PAD or PDA, PAF or BRA by the 15 
Operation. Therefore, in elther of theſe. three trin we uppoſe for 


inſtance the trian e BeD, 22 each of the three! each of 
bes Ws 5 e * We inte vs wy pombe of 
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| 5633 miles; ig difference of latitude f 36 miles; departure 47 
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N 8. "Firſt S.S E: 18 miles 3 Tae E. 18 
| 16 miles ; fourth W. s W. 20 miles; fifth W. 
* N, 28 miles; 7 005 N. W Ss .16.m alles; ; ſeventh N. W, . by 
rom which, W fi hee of dhe 16 29 miles; de- 
* iude 4 N W 5 nay 1 Wenk 
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. N W. g e . N . w. $a EAN 
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9. In making out the particulars of ſuch days works, from the log- 
book entries or the journal, ſome; are for taking ever ſingle.courſe and 
diſtance failed, during 24 bours, and therefrom to inſet the latitude and 
longitude come tos but. this is being rather to nice im the calgulgtton. 
Others, get the whole difference of latitude and departure for the-whole 
24 hours, from which they get the latitude and longitude comę to at 
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ws North an 


premontory is a very high lab py on ing out, into the. ſea 
the:ſmajler kind it is a rape a8 Dy nod Hope. Ech An 2 


vaſt large: collections of waters, ſeparating Jands; and countries.at vaſt 
diſtances from each other; Theos, he ani ocean ſeparates, Kuroge 
from America. 7th A ſais à part of an ocean, and often bath..a gar- 
that part of an ocean which botder's near land, and the ſea hath its nag 
from the land. Th 2108 Straits of: Gibralterclead, Fg editera= 


nean ſea; and the fea of Chili borders on chat gat, sth. Ae id 


. By 4x LANDS ain SEAS. 


part of a ſea, lying ip. between the land. Thus, -ebe Bayiof Bf. 


. dae — ad France,” But when fuch is very large it ii 
by yer fee is a very narrow and ſmall part 
of the , bo prog 0 le way between land. 0th. A ale ig 4 
| — 2 quanity owner eee dy land. | Thus, the lake Zair in 

ies. ; 


ice. The countries of Ae e Great Britain and Treland, [Porty- 


W Spain, France, Germany, the -1/7:-Provinces or Low) Countries, 
Wit 


Muſeovy, and the iſlands of ' Corſica; Candia; Surdin ia, Negropont, 
sei ihdorhers. "fo hath Turkey in Afia, delt un, the two 

| in, Artheniu; *Fartary, Aſtyria, Paleſtine, China, 
Perl; indis, — and China": Allo, the iſlands Japan, Sumatra, 


ns 6Ean z'and Cyprus Rhodes, and others in the part of on 
Archipelage. Ade Egypt, ar nar Biledulgeridy ng 
dend, A BYEinie, 
Verd | iſles," the Azore iſles, ogg 119m Miles! St: Fhomas near the line, 
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North and South, V bo rom Maryland, Penfilvania, New jerſey, New 
TYork;' New England, New 2 with Canada and other: parts 
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| ans Land, Patags is, Chik, 1 y cg ok Peru, Bra, eee 
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